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LETTER OF TRANSMITTAL.

Bosron, MAsSS,, July 16, 1883,
Profesgor W, I TROWBRIDGIE,
Str: I have the honor to submit a report upon the water-power of so mueh of the Ohio River asin as could
Dbe examined during the limited period available before the stoppage of fleld-work. The investigations that were
made were conducted during the winter of 1882-83, and covered, it is thought, thosoe streams having the greatest
present importance with respect to water-power. It is desired to call’ attention to the principles observed in the

estimates of flow and power, which are fully explained in connection with the report on the region tributary to
Long Island Sound,

Very rvospoectfully,
DWIGT PORTER.
voL 17——28 : 43—1



THE OHIO RIVER BASIN.()

SURFACE FEATURES, AND DESCRIPTION OF THE MAIN RIVIR.

By the union of the Allegheny and Mounongahela rivers at Pittsburgh the Ohio river is formed, with a drainage
basin at that point of between 18,000 and 19,000 square miles, which, after a course of nearly a thousand miles to
the southwest, is inercased to about 214,000 square miles at the junction with the Mississippi. The principal
streams which contribute to this increase arve, on the north side, the Beaver, Muskingum, Scioto, Great Miami,
and Wabash rivers, and on the south side, the Little Xanawha, Great KXanawha, Big Sandy, Licking, Kentuclky,
Green, Cumberland, and Tennessee. The head-waters of the Allegheny are in northern Pennsylvania and
southwestern Now York ; those of the Monongalela, nearly 250 miles distant, in West Virginin. The eastern water-
shed line of the Ohio, therefore, cuts entirely acress the state of Pemnsylvania, at a distance from the westerm
border ranging from 80 miles in the south to about 130 miles in the north. Passing out of this state, the northern.
boundary of the river basin runs through New Yorl, Ohio, and Indiana, being carried in the latter state around the
upper waters of the Wabash nearly to the Michigan line, and considerably more than 200 miles north of the main.
river itsells it then enters Illinois and strikes southerly through that state to the mouth of the Ohio at Oairo. The:
southern boundary runs from Pennsylvania across a corner of Maryland, embraces nearly all of West Virginia,
forming in part the dividing-line between that state and Virginia; it crosses the southwestern portion of the latter
state and the western part of North Carolina, and by the Tennessee basin is extonded down into Georgia and
Alabama, reaching there a distance of 300 miles south of the Ohio; it continues from Alabama across the adjacent
northeastern corner of Mississippi, and finally traverses the extreme western portions of Tennessee and Kentucky.

The vast extent of country included within the limits described possesses great vaviety of surface features,
and these affect correspondingly the character of the streams draining the different sections. TFor 700 or 800 miles
the general course of the eastern and southern boundary of the drainage bagin of the Ohio lies along the crests of
the Alleghany Monntain ranges, peaks of which attain in North Carolina elevations of 6,000 feet and over. Down
the western slopes of these mountains there flow strcams to join the Allegheny, Monongahela, Kanawha, and
Tennesseo rivers, running through a country often of the wildest desecription, but magnificently timbered, and rich
in deposits of coal, iron, building-stone, copper, gold, and other minerals., Among these mountaing many of the
streams have o very rapid fall, and are subject to large and frequently sudden fluetnations in volume, rendering them
in consequence unreliable for power. The country being sparsely settled, they are utilized to hut a comparatively
small extent, and that mainly by saw- and grist-mills, Advancing to the west and northwest from this mountainous
district we find it succeeded by a beauntiful undulating country, fertile, well settled, and cultivated. To the north
of the Ohjo river, in the states of Ohio and Indiana, the surface continues for some distance quite broken, and then
subsides into gently-rolling land, once heavily wooded, but now cleared, and very productive. After leaving the
mountains the streams heading in them gradually inerease in volume by accessions from tributaries, and at the
same time lose in rapidity of descent, until in their lower courses most of the larger affluents of tho Ohio have bub
a small slope, and are either navigable or capable of being made so without much difficulty. To illustrate the
changed character which some of the streams assume, it may be mentioned that the Cheat river, flowing through
the mountains of West Virginia, falls 2,400 feet in the last 80 miles of its course, while the Monongahela, into.

@ Owing to the stoppage of field operations in January, 1883, the examination of rivers in this rogion was confined to thoso above:
and including the Great Miami on the north side of the Obio, and to the Monongahela and Little Kanawha on the south side.
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4 ‘WATER-POWER OF THE UNITED STATES.

which it empties a little west of the Laurel Hill range, descends but 75 feet in the 90 miles from the mouth of the

Cheat to Pittsburgh.

Brief data regarding some of the prineipal rivers flowing into the Obio, in part taken from
Humphreys and Abbot’s report, are given below:

1

Name of xiver,

Drainage
are.

Remarks,

Allogheny river nb Franklin «.oeveeremnniaenennn,
Alleghony rivor at mowttl cvecviieimaceniinsnanes

Monongaheln river nt Morgantowh .ueee... [
AMonongahela river ab mOUth. s acvacvverecrennsenns
Beavor YIVer . vucuvueirencernnueas casramnenievnesans

Little Kanawha river covue..- tesearasenensnnracanas

Gront Konawha 1/76r ceaee. . Cemensurnann cemtemenns .

Musgkingum river.cccas veees wenrereraniunn [ .
Scioto viver....... vererrenieas [P vears
Great Minmi rivor..... voterae Sevesrnatpaniananns .

»

Big Sandy river coeeeaa teemesnmriencrnaran [ESN .

Licking river.caieaneee. T R T T O

Kentucky iver, cuv.ven

Sq. miles.

5, 007
11,107

2,707
7,025

3,080

2,200

7,740
6,400
5,400

8, 050

8,870

7, 870

mewsneannn

Green ¥iver......aueu enenmmeanrasenn s
A VA0 E T 5 ) R R
Cumberland river. . v vcaeivianirinenan venervaasiuas
Toennosses river ...... heeneiennienas Seeteanenn—an

Entiro length, about 825 miles, Navigablo about haif the year for small steamers to Eranklin, 183
miles nbave Pittsburgh. TFall from Olean, Now York, to Franklin, Pennsylvanio (132 miles), 446
foot; thence to Pittsburgh, 270 feef, or 2.27 feet por mile. Country drained, in general mountainons
and rougl, with heayy growth of timber, Above Corydon, 200 miles from the mouth, power is
used at intervals on the main river for snw-mills,

Basin in part mountainous and timbered, and in part rolling country cleared and eultivated, Fal
from mouth of West fork to Pittsburgh (say 123 miles), 133 feet, or an averngo of 1,07 foot per mile,
The presentsystem of locks and dams is being extended to givo navigation to Morgantown, 102 miles
from the mouth. Thence to Fairmeunt, 20 miles or 80 above, tho strewm is wtilized for puwer by
several small gristanills,

Tralls nbout 180 feet from Now Caslle to the mouth, Not navigable, but niilized within a fiw miles of
{he mouth for pewer by a considerablo number and varicty of manufacturing coneerns,

Fall from Bulltown to mouth, 1004 feet, in 1503 miles, ox an averago of about 1} foot per mile.  Fonr.
foot slnck-water navigntion is maintained to Burning Springs, 40 miles from the mouth, and is being
oxtended somowlat above by the national government, A small grist-mill utilizes power at ono of
the dams, The flow of tho stream is wnrelinble, and is subjeet to great and remarkably sudden
fluctuntions, Lumbering is the chief industry on the rivern

.| Fall in 80 milos above mouth is given by Humphreys and Abbot as 86 fect, or an averago of alout 1

foot por mile, By nsystem of locks and dams, part of thelatter fixed and part movablo, the national
govornment is engaged in improving the navigation of the river, with the aim of insuring n contin.
mmi? de; llllx ?% 7 feet from the mouth to the upper river, nntm‘ﬂily tributary to which are magnifi.
cont conl flelds,

Navigation by means of locks and dama maintained to Dreaden, 81 miles from tho month, by the atate
of Ohio, Jall in snme distanco 130 feet, an averago of 1.4 foot per mile, Lower utitzed to nmodey.
ate extent at o number of tho dams.

Not navigable, aud not utilized for }-mwer Bbelow Columbus,  Dieaing o farming region, Fall from
Columbns {o the mouth, 225 feet in 110 miles, or an average of nbout 2 Yoot per mile, ~ Greatest elova.
tion in drainage basin bHetween 1,500 and 1,600 feot above sea-lovel,

Tall from Dayton to the meuth, 208 feet in 77 miles, ox 3.0 foet per mile on the average, River not
navigable, but s been improved for power ab numerous points, and sustaing important manufaetur-
ing intorests, the most prominent industry along its course being the manufacture of paper,

Tho main river is navigable, and this, together with the princi{)nl forks, Louisn and Tug, is Leing
improved by tho United States government for navigation by the rowoval of vocks, fallen {rees, nud
other obstructions, Steps have also heen talven to inangurate o eyatem of sluck-water navigation,
and q site for a dam has been fixed upon near the junetion of the forks,

TFall from West Liberty, Morgan county, to tho moeuth, 810 feot in 201 miles, an avernge of 1,84 foot per
mile. Flow very vaviable,  Navigntion is carvied on to o small oxtent. Surveys hivvo been mide
and aro still in progress (1881) to dcterming tho practicability of establishing slack.water navigation,

Talls 228 foot in the 268 miles from tho mouwil of the Middlo fork {o the month of tho main viver, an
twemEo of about 0.0 foot per mile,  Lowor 88 miles of river improved many yeara ago for naviga.
tion, by stato of Kenlueky, by means of locks and dams. These aro now Delng vepaived by the
national govermment,

Averago slopo for 176 miles above the mouth given by Humphreys and Abbot ag 4§ inchies per mile.
Slacl-water nnvigation is maintained from the mountl to llowlinf, Ciroen, throngh tho distanco aboeve
mentionod, by means of five locks and dems, oviginally buily by tho statoe of Kentucky, but now
operated by the Green & Barven River Navigation Company.

Tall given by Tumphroys and Ablot as 57 foet in the 41 miles from tho mouth of White xiver to the
Ohio; and as 386 feot in tho 870 miles bolow the mouth of Tdttle rivor, giving an average descent
for tho entire distanco of 0.96 foot per mile, and below Whito viver 6.03 foot per mile, "Lho lower
river is regularly navigable, and iuprovements and surveys are in progress undor tho nationel gove
omment, with the view of extending low-water navigation up the river,

Riges in the Cumberland monitaing and descends rapidly to tho plaing, aftor which it flows more gently
to tho flls, It ig then inclosed batween high blufls, nnd has a rapid surrent a8 far down ng Lawrel
yiver. Ifere boging the coal region, which extends 13 miles down thoe stremm.  Tho prineipal obsirue.
tlons to amvigntion Delow are Smith's shonls, 358 miles nbovo Nashville, whars ihovo is a total
descent of 55 feet in 8 miles on four shoals, From Washville to the mouth, 102 miles, the averago fall
18 0,41 fool per mile, Between the mouth and Nashville tho river is navignted during six months
in tho year by stommoers of from 300 to 500 tons and less, Ifor nine ox ton mouths in tho year it is
navignbla ovor the samo distanee for boats of 20 inches draught. Above Nnslville nhvigetion
extends, for from four to six months in the year, for stenmors of 8§ feot draught, 858 miles to Point
Burngide, crossing-point of {hoe Cincinnati Southorn railvond. 'Tho Falla of the Cumberland havo
been surveyed and reported on wunder date of February, 1879, by Mr. Samucl Whinery, United
States agsistant enginter (seo Report of Chief of Engineere, 1870)," As described by M, \Whinory,
»The grent falls of tho Cumberland river aro situated in the gouthwestern part of Whitley county,

Toentucky, about 60 miles b,y river above Point Burnside, and 12 miles e¢ast of tho lino of the Cin.
cinnati Southern railrond, “Theriver ot and above the falls is a rapidly-dercending mountnin siream
eavrying o lavge volume of water at flood tide, and ahrinking to  mere brook during extremely dey
sonsons,  Geologieally, the fall is situated in tho ‘millstono grit® or *eliff rocl® of the Upper Coal
Measuros, through which it has eut a deep and narrow ehaany, with walls ofton 800 feet high and
almost perpendicular,” The sarvey extended trom a point Lmiloabove, {o a pointabout 1? milo below,
}hﬁ groat tall, covering o descent of §4.5 feet in the river, of whicl 51.1 feot was nasigned to the great
Wl

Tho Holston river, the trus source, rises in the Alleghany mountains, 2,600 feet ahovo son-lovel, Tt
i3 o yapid stream, running over o vocky bed and through a narrow valley.  Itis joined guceessively
by thé French Broad and Clineh vivers, Islands aro numerous, The yiver is contragted in sevoral
places by high }womoumrius und is mado deep and rapid. Tho courso is then more divvet, nnd the
current is gentlo to Musele shoals, which for about 23 miles, botwoen Florenco and Decatux, Aln-
bama, obstruct novigation. Tho total fall in 36.5 miles, inciuding theso slioals, is given by tnm-
phireys and Abbot as 164 feat.  Except at Muscle shonls, there is continuous navigation from Chat-
tanoogn to the mouth ol tho river, 47 miles, The improvement of navigation ut the shoals, and
also at points nbove Chattanoogn, is being prosceytod by the national government.

There can be no question that, in their upper courses, above the limits of navigation, the various tributaries on
the south side of the Ohio, and their own affluents, present in the aggregate much available water-poswer, but 1o
opportunity was afforded to examine personally any of those below the Monongahela. Those to the north of the Olio
are already largely in use, and will admit of much further development. The powers offered by the Iatter, thongh
well suiled to the demands of ordinary manufacturing, are not, individually, of great magnitude, Tor the reason that
the fall at command on the prineipal streams is nowhere very large, while their volume of flow is on a rather small
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" _ THE OHIO RIVER BASIN. 5

scale relatively to the extent of area drained, and in the dry season sinks in many cases very low; so that, if their
| value is to be estimated on the basis of permanently reliable power, they can not take a high rank., There aro
; probably no privileges on the northern tributaries of the Ohio which can e depended upon at all times for more
| than 1,000 or 1,500 effeetivo horse-power, and even such are of unusual ocenrrence,
| The proportion of the rainfall which is discharged Ly the streams is, generally speaking, considerably less in
the Ohio River basin thanin Now England and New York, but too little is known to admit of much certainty either in
statement or in estimate regarding the real numerieal ratio. Humphreys and Abbot estimated the average annual
rainfall of the entive basin to be about 413 inches, and 24 per cent. of this to be carried off by the river. Tho
climate, the decp soil, the permeable underlying strata, and the open character of much of the country drained,
J denuded of its timber, doubtless all have an influence in producing a low pereentage. The streams also suffer from
being deficient in that natural regulation of flow afforded in some sections of the United States by an abundance
of springs, lakes, and swamps, The rainfall and temperature must, of course, vary widely over so extended a region
as we are considering. The following tabla does not exhibit the extremes, nevertheless it gives the results of
observations of these phenomena at & nwnber of promiuent points, and will convey a fair idea of their range over
ditferent portions of the rviver hasin:

Liccords of rainfall and temperature at points in the Ohio River basin. (a) .

RAINFALL, ) TEMPERATURE,
o 2 By
I a8 o
= =2 ©.2
Loeality. % B Eg “L:JE?
219 R 8 .
o | Bk 5 . B ™
e o o E{ ol b 0
RN RN (FRE NN
= 5 5] i bt |24 3
we | & | 4 <4 E BolEs | & | & | 4 | B[ A
) Feet, Inches. | Tnches. | Inehes. | Tnehes. || Inches, Degrees. Degrees. Degrees. Degrees.| Degrees,
Jamestown, Now York (In upper Allegheny basing «veeeaee.. 1,484 8 0,80 1210 1128 0,00 (| 48,18 81 44,4L| 00,07 4805 | 94,00 40,18
Pittshurgh, Pennsylvania . ..... [T T TP &40 16 8801 10.79 821 7,61 a5, 40 18] 40.08 | 7241 6LoR| alo4 61,94
Kanawhn, Weat Vivgluin (In Great Kanawhn DRAINY . vveuerae] ceveeeloriecsleensisneleorsenas PR PP | N Caane 8| BLO8| 7L40| 5465 80.06 64, 87
wllmio Sulphur Springs, West Virgloin (in Great Tanawhn |2, 000 B 10,07 | 10,08 7,80 [UR 3 I 0 7 SR PR PO I PP R | I,
ysin). .
b} Wytheville, Virghula (in upper boasin of Great Kanaswha) ,...[ 9, 287 0 1088 1107 8460 0.23 11 4004 41 BLBG | 70,88 ¢ GLB2| B4.08 52,11
] Asligvillo, North Carvoling (Inupper basin of ‘Lonneaseo river)| ¥, 460 g 1083 1300 6,43 0.05 || 80.71 d| 02,00 TO.66| 5,20 | 8701 03, 83
Thuntsville, Alabama (in middlo baain of Tennesseo river)...| 600 M| 1420 1686 0,806 | 15,84 | 565,86 18 09.00 | 75,62 60,80 | 4215 60, 88
Knoxville, Tennessee (iu upper basin of Tennessee vivery...| 1, 000 T W82 115 800 | 1401 || 6158 6| 06,80 7478 G862 8782 60. 74
Nashville, Tennoaseo (on Cumberland river)..e. e vwvenenn.. 633 117 L83 0 18737 11,60 | 18.8% 4 GL78 6 69,85 70.83F G7.42 ) B0.07 58, 82
Danville, Kentueky (in Kentncky River basin) covvvercnnao.| 900 ] 14 [ 1280 1106 890 | ILIL gl 43,05 f. 12 66.28| TH.GR| 6B.GG [ 87,84 07,07
Loulsvillo, KOnAIOKY e cne vvvressnnnnssarnssavennn sanun cewal| 480 70 1816 1287 800 | 13,40 47. 81 4| 6B.71{ 78.00{ 66,70 | 87.04 55,70
L B(R}t\fuq}mnu. Ohlo (noar liendawaters of Seloto and Great |1, 040 70 10301 12007 T.00% 818 8812 B| 48,87 720L| 5L8O | 20,25 490.01
] ami), .
Cineinnati, Oldo ... Deauserreenr ezt n s aasenee tesnaeman 6RO 21 1L17 ) 1h 67 0,20 0. 83 42, 00 | G413 75,24 | 66,21 | 84,28 64,72
Marietta, Ohlo (mouth of Maskingum viver). .. 680 | 48| 10.74 | 100 9, (i 0.6% 1| 42,009 60| 6LOB| 7L20) HL85 | U284 62, 24
Steubenville, 010 vevennveaniinaiias Cetanmnasiesetanan 070 40 | 10,50 | 11,88 .08 9,00 41,10 400 60,00 | 72,60 62,62 8122 51,83
Logansport, Tndiana (lu uppor Wabash baging.veeeveeeneeoo.| G0 41 11,088 840 1044 8,07 i| 88 14 G{ 40.00 | 73.80{ 51,61 27.04 560, 06
Indisnapolis, Indisna (in Wabosh Basing «oerevenivensvnnnes G081 12 13.40| 11,01 805 8,80 i| 4186 6 40.04 | 72,64 | 6LOG| 2871 50. 00
Now Adbany, Indinnn.cov oo vereamsnnneesan [ N 1 8 0. 85 & 86 040 | 1828 1 30,83 41 6LI0 ) 700L) O6ALGB | B304 63,41
Muttoen, Tlinods (i Wabash BRSIN . coveerivinee cannnvennns| TH0 41 10,050 106,40 800 | 1202 1] 5708 feeeioi]iennaide e ecc e rree e einn s
« Trom tho Smithseninn tablos, ]
‘ The chief disadvantages to the utilization of power on those northern tributaries of the Ohio which were visited
arise from a liability to an insufficient supply of water in summer and fall; from the oceurrence of heavy freshots,

accompanied often at the close of winter by runs of thick ice, endangering hydraulic works; from the backwater
caused by those freshets, which lessens the fall, and remains long according as the descent in the stream below is
small and the country drained above ig flat; and from the difficulty of securing rock foundation for dams, With
g reference to this latter objection it may be said, however, that good gravelly beds are common, and with a suitable
; construction of dam should be entively safe. The principal application of power on these streams has thus far
been in flouring-, grist-, and saw-mills; but on certain rivers, notably the Great Miami and the Beaver, general
manufacturing has become well established.

The Ohio river itself presents bub one opportunity for the use of water-power on a large scale by ordinary
methods, namely, at the Louisville falls, which will be described farther on. A few miles below Pittsburgh the
national government has been building a movable dam, known as the Davis Island dam, designed to improve the
navigation of the river by assuring at all times o depth of 6 feet above to the city. It extends in two sections
it - from either shore to the island, and with the river unimproved below will have a lift in low water of about 10 feet.
If this system of improvement were to be continned down the river as proposed, the lift at the Davis Island dam
would be reduced to about 6 feet, In low water, wlen the dam will be upright, boats will pass through a lock

g, next the right bank. In high water, however, the dam will lie flat on the river-bed, being 1)1'0tecte;137by low sills




6 WATER-POWER OF THE UNITED STATES.

from the force of the current, which at such times is very rapid, probably reaching a velocity of from 7 to 9 miles per
lhour. The river-bed is composed at this locality of sand, gravel, and bowlders, and for the dam an artificial bed of
concrete wag made. The structure itself consists of a great number of wooden wickets hinged at the hase and
supported when raised by iron braees, these also hinged at one end to the under face of the wickets and with their
lower ends resting in slots, The wickets are raised and lowered from an iron truss Lridge formed by bents hinged
at tho base 80 as to revolve in a plane transverse to the stream, while the wickets themselves revolve with the stream.
In high water the bridge, as well as the dam, rests on the river-bed, so that no obstruction is offered to the current
or to the free passage of boats at any point. So long as the dam is in position, or for say seven months in the year,
there must evidently be a considerable power going to waste here, although in very low stages of water it would
not probably exceed 3,000 or 4,000 theoretical horse-power, even with 10 feet of fall and the entire volume of the
Ohio. Works for employing the power thus afforded could, it is said, conveniently be located out of reach of any
but extreme rises in theriver; but there is at present no settlement at this point, the hydraulic improvements would
be expensive, and this, together with the fact that the privilege could be utilized for only so small & portion of the
year, and that during much even of that time the full fall could not be realized, would doubtless be serious
obstacles to its development, _

The employment of current-wheels for obtaining power is, of course, possible, and there is said to have been
one of these, years ago, on tho upper river, but there is no likelihood of their coming into common use hero ab
prosent; and sufficient has been said regarding their value in another part of this report. The fall in the Ohio is
in general slight, and no opportunity oxists, as on some western rivers, for diverting water through sloughs across
long bends, and so taking advantago of tho intermediate descent. This river does not form sloughs of the nature
referred to, or ¢cut-offs”, as do tho Mississippi, Missouri, Arkansas, and other rivers. At certain points long
loops havoe formed, and ab one of these, in the vicinity of Tvansville, it is thought possible that protective measures
may have to be taken to guard against a cut-off; but usually the projecting points of land which are lelt havo
within a rocky shoulder, preventing the actual cutting through of a channel.

Table of elevations on the Ohio river.(w)

Locall LDlatm\cnl El‘i.vﬂ,t‘i‘f‘“ ll)lrztmmn . %?nll F‘;}}iﬁ’}“ : .
ooality. 'L‘ul}\ month \Vﬂteruhnvo 1ot woen robweon between lemarks.
Cobrver | gucaneide, | OlutS. | points. 1 Cpo e
Miles. Teet, Miles, Teet, Feet.
LA TNV | SO 067 701, 040 Elovation assumed as 699,20 feeb by Mr, Tames T, Gardnoer (sco Elevations
of Oertain Datum Doints on the Great Lakes and Tivers aad in the Rocky
Mountains), :
Mouth of Beaver river. ... . 043 071,570
Storbonville ceceenananeiinns 890 649, 618 Tlevation assumed by My, Goardner as 630,77 feot at low water,
Marietbh o vvuernmrmacscnaaneny 700 500, 821
Mouthof LittleKanawhariver, 8% 503, 004 508 808,340 | 0,516
Mouth of Great Kanawhariver, 704 bLd, Bk
Portamontlcenne insananan wes 014 467, 620 Elovation asswmed by Ar, Gardnor ag 470 feet at low wator,
Cincionatd ...... cevmeansans noL 430, 800 Elevation assumed by My, Gardoer ng 489,74 fect ab Jow water,
Mouth of Great Miaml river. 480 420, 017
Oarrollbon .oveirvrnareianaa. 420 403, 828 )
Foulsville falls, head 860 803,800 | 4 96,700 §The deseent at the falls proper las boen dotermined by othor surveys,
T.onisville falls below foob 205 a67. 000 |9 ARG E 1 ondis usunlly stated as about 26 fust in about 2 miles.
\ . .
Mouth of Green river........ 102 319, 056 1 . o
Mouth of Wabash river...... 129 804,318 J 305 b2, 600 0. 254
LRI0 veceveiiiusevnnmnenrnnnne 0 275, 000 As reported from the oflico of tho Mississippi River commisaion, Tho
| zoro o the United Stutes enginoors' paugs at Cairo, Illinois, is 260,68
; feot above menn tide nb Biloxi, Mississippi, and tho lowest recorded
stage of water at that point ocourred Decembor 25, 1871, whoen tho sur-
| faco of tho water was 1 oot below the zero of the gnnge, Its clova.
tion above mean tido was_thorefore 208,58 foot,  ‘Tho clevation of
N mean tide has not heen {inally adopted {IFobruary, 1884], aud the above
elovations are subjeet to small corrections,”
!

@ Tho clovations in the third column of {his table are taken from Ar. W, Milnor Roberts’ report, dated April, 1870, on a survey of the Ohio viver—Ilouse Ex.
Doe, No. 72, Fordy-first Congress, third sesston—and can not be regarded as entively correct; Major Willinm I, Merrill, Corps of Engineers, hag discovered an ervor of
% feet in tho elovations between Pittsburgh and Wheeling.

Asg shown by the data of the preeeding table, the total descent in the Olio, at low water, from Pittsburgh to
Cairo, is not far from 430 feet in 067 miles, an average of about 0.44 foot per mile for the whole distance. "Theriver
gradually increases in width at low water from 1,000 feet in its upper course to about 2,500 feet near the mouth, At
such a stage it is deseribed as a succession of long pools and ripples, with eurrent alternately sluggish and rapid.
A large commerce is carried on by means of steamers, barges, and other craft, but navigation is seriously interfered
with by low water, and continuous communieation from Cairo to Pittsburgh, for boats of considerable draught, has
hitherto been practicable during only about four months in the year. On the upper river the bars are mainly of
gravel, and, on the lower river, of shifting sand.
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There are usually three important rises in the Ohio during the year-—one in February, caused by rains and
melting snow ; one in May or June, due to heavy rains; and a third oceurring in late fall, not very regular in the
date of its appearance, and caused by rains. The first of these is the heaviest, and sometimes produces widespread
destruction of property. The ordinary oscillation, in general along the course of the river, between ligh and low
water, is given by ITumpbreys and Abbot as not over 25 feet, while the extreme is placed at about 45 feet; but at
particular localities these figures are exceeded. Thus, at the mouth the extreme rangoe is over 50 feet; in February,
1832, the river was G4 feet above low water at the foot of tho Louisville falls, and in February, 1884, it reached a
height at Cincinnati of 71 feet 0.75 inch above low water. The river commonly freczes abont Christmas, and continues

“ {rozen sometimes as long as four weeks, and in 1855 remained frozen at Touisville for 65 days. On the rising of the

streams, toward the close of winter, great fields of floating ico are brought down by various tributaries of the Ohio,
especially by thé Allegheny and Monongahela, though the ice from these latter rivers is well broken up against the
bridge-piers at Pittsburgh,

POWER Al LOUISVILLI.

TFor reasons clsewhere stated, the Louisville falls were not visited; but as it scems hardly permissible to neglect
a description of them in connection with the Ohio river, a few facts will be briefly mentioned regarding them,
taken mainly from various reports already made upon the subject. These falls, the only ones upon the river, are
situated 600 miles below Pittsburglh, 135 miles below Cincinnati, and about 370 miles above the mouth. They
consist of a series of rapids, formed by irregular ledges of limestone rock, extending a distance of 3 miles, and
covering in 2 miles a fall, in low water, of about 26 feet, four-fifths of which occurs in about 1 mile. At the head
of the rapids the government has a low dam reaching across the stréam, with the exception of certain gaps,
built part of the way of a movable pattern, and designed to be extended of the same type. In connection with
this improvement o canal some 2 miles in length follows down the Kentucky side of the river, and accommodates
boats in passing the rapids. ‘ .

Louisville is a wealthy and beautiful city of about 125,000 inhabitants, enjoying a large trade and having
important manufacturing interests, The great power exidting in the river immediately before the city, and the
advantage which would acerue to the latter from its utilization, have not been overlooked, and various plans for its
development have been proposed and discussed. But while the size and value of the power ave evident, the cost
of such improvements as would make it actually available for wse appears so large as to render doubtful the
receipt of a direct profitable return on the necessary outlay of capital. So far as ascertained, no detailed and
complete surveys and estimates have been made by which to show the probable expense of improvement under any
of the different plang suggested, and until this is done the real practicability of the work must remain o matter of
conjecture.

Tour leading designs for the development of the power, as outlined by Moiris 8, Belknap, C. I, in a paper
read before the American Society of Civil Engincers in May, 1873, are as follows:

(1) By means of o hydraulic canal running approximately parallel to the canal now in use for navigation, the
mills to derive their supplies from the former and to discharge cither into o tail-race extending parallel to it, or
directly into the river. :

(2.) To draw for the mills from the government canal, discharging in either of the ways above deseribed.

(3.) To draw from a canal carricd as a continuation of the government canal, discharging directly from each
mill into the Ohio. . '

(4) To draw from the government canal at its lower end for the supply of turbines and other hydraulic
machinery to be stationed there, the power. developed to e distributed by wire cables to the various mills and
factories,

Still another plan is said to have been considered, namely, the carrying of a hydraulic canal off into the city,
or around it, at a considerabls distance from the river.

Altogether thero has been expended on the navigation canal more than $4,000,000, aud by comparison the
necessarily great expense involved in the first plan is opposed to its adoption. Notwithstanding this fact, it has
important advantages, and is regarded by prominent authority as the most practicable of any of the designs. The
second, third, and fourth methods of improvement require the withdrawal of water from the government canal,
for which act permission must be obtained. The transmission of hydraulic power by cables, while in successful
operation at such points as Lockport and Rochester, is there confined to small powers, and the experience at the
latter point in transmitting large powers, say of 200 or 300 horse-power, is unfavorable to that system, while in an
enterprise of such magnitude as the utilization of the Louisville falls there should exist the ability to supply powers
of large as well as of small size. By means of a low wing-dam of rip-rap next the Indiana bank sufficient water is
diverted to furnish power, throngh the medium of a wire cable, to a mill on the blufls, and there is reported to
be a trifling use of power on the Kentucky side of the river; nevertheless, the Louisville falls aro essentially
unemployed for manufacturing-purposes,

Tt will naturally be asked: How large is the power to be obtained from the falls of the Obio? But to this
question perhaps no very definite answer can now be given, The volume of the Ohio at Louisville, during an

© ordinarily low stage, was stated by Mr. Belknap to have been shown by observation to be about 7,750 cubic feet
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per second, corresponding, with the full fall of 26 feet, to about 22,500 theoretical horse-power. But of this volume
a certain portion must be required for lockage in the government canal, while another and much larger portion
must escape through the gaps in the dam. Just what remainder there would be available for power is not accurately
known., In an estimate made by Mr. John Zellweger, constructing engineer of Louisville in 1876, it was roughly
assumed that one-third the entire flow of the stream at such a stage could be utilized, yielding say 7,600 theovetical
horse-power. Tornearly all the year the discharge of the river is greatly in excess of the figures given, but, owing
to the fact that asit inercases from low stages the level of the water at the head of the falls rises mueb. less rapidly
than that at their foot, the net full is {hereby reduced, This action is largely due to the contraction of the river at
the “narrows”, some 60 miles below Louigville. As stated by Mr. Zellweger, “The fall, or difference in water-
level above and below the locks, does not decrease regularly as the river rises, but at first decreases slowly until
the upper gange marks about 7 feet ; then it commences to decrease more rapidly until the gauge indicates about
14 feet, Above this the fall is reduced slowly, and remains nearly permanent for the high stage of water. In the
year 1875 the upper gaugoe read off Jess than 7 feet, and the fall was over 22} feet, for 126 days; less than 12 feet,
and the fall was 6§ feot (or over), for 300 days; less than 14 feet, and the fall was 3% feet (or over), for 327 days.”
The year mentioned was one of unusual rainfall in this section of the Ohio valley. The fall was less than 6 feet
for about 25 days in March, a total of 25 days in July and August, 4 days in December, and 3 days in April, in tho
two latter months the diminution Lelow 6 feet heing small in amount.

Mr, Belknap gives 12 feet by the gange above the falls as the stage at which nearly all fall is lost and tho
water-surface has its normal slope, the rise below the falls being abount three times as rapid as above them; and
states that, as the average of years of observation by authorities in charge of the government canal and of the
water-worky, the following differences of level have been found to exist: TFor 21 days in the year, practically no
fally for 11 months and 9 days, G fect and over; for 9 months and 21 days, 18 feet and over; for 3 months and 17§
days, 26 feet,

Tor between 9 and 10 months in the year, therefore, a fall of 13 feet and upward is available, During thab
period there is, of course, a wide variation in the volume of the river, though no data are at hand showing dircetly
its value in cubic feet. DBut, Ly a consideration of the probable curve of discharge of the Ohio at this point, the
range may be roughly estimated to be from 8,000 to at least 130,000 cubic feet per second. (@) Assuming, however,
for the lower limit the figures alveady quoted from My, Belknap’s paper, we have a variation from 7,750 cubie feet
per second in what is termed an ordinarily low stage with 26 feet of fall, to 130,000 cubic feet per second, with
say 13 feet of fall; or from 22,000 to 192,000 theoretical horse-power. Reckoning an efficiency of 75 por cent., this
correspounds to a range, in round numbers, of from 17,000 to 144,000 effective horse-power. That is to say, exeluding
from two to three months of highest water, in which the fall varies from 13 feet down to practically nothing, and
for half of which time it would probably be found less than 6 feet, tho entire volume of the river would yield,
in the averago of years, an effective power ranging, for different stages, between 17,000 and 144,000 horse-power,
DBut sinee, as has been noticed, & large proportion of the discharge must, under the present arrangement of dams,
run entirely to waste, while part of the balance is necessarily reserved for lockage, it is evident that the figures
stated must boe greatly reduced before arriving at the values pertaining to practical utilization of the falls {or
hydranlic purposes. \

The fact that there is a certainty of interruption during & part of the year by high water, vendering necessary
the introduection of auxiliary steam-power by all important establishments, is, without doubt, unfavorable to this
site, It seems unquestionable, also, that the expense of gnitable hydraunlic works would be heavy., Nevertholess,
when the location of the power is considered, at a great, wealthy, and rapidly growing city, upon ariver supporting
a magnificent trafiic yet in its infaney, its importance becomes apparent; and even if the enterprise of developing
it were to afford but a very slight direct profit upon the required investment, the indirect advantages which would
result from the building up of large manufacturing works can not be doubted. The question, however, as to how
great an outlay could be endured without rendering it impossible to lease power at a price which would admit of
suecessful competition with similar undertakings elsewhere, and especially with steam-power derived from cheap
coal, is one of finance, and one demanding in its deecision exercise of thorough knowledge and sound judgment.

TRIBUTARIES OF THE OHIO RIVER.
TIE ALLEGHENY RIVER.
Drainage areas.

Square miles,
5 (T s s 219
At Olean, DEIOT Olean CrEBK « cuun veustumcce ceee srncenseuaas sansas cacnsaraanassonssanaussananesnnnmsassnns 1,096
At BalaIaICa o aen ceae s e bieia meae s eac e aaae amemas swom ceannune e “eeanannnna . 1,556
At Warren, DElow COnEWaNZO CTCOI & vuvu aceaan v e et metvann cmae sesaas sammas seo s ens sanaenassnnan ammnan 3,045
At Franklin, below French ereek -ou.eiweeccvenme conennnnan e aAreen et smmeananandsannave tesanacana sanann 5,067
Al Pittahurgly, mouth of river. .o cee ceis tiieat iiirte snirt s ccin aectaesabaus maveennaneena naan mann s 11,107

¢ Tho drainage area above Louisville is about 91,000 square miles, On this aveathe average rainfall may be estimated to be, in spring
10 inehes, in summer 11, in gutumn 9, in winter 11, and for the year 41,
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This river, the prineipal one in the formation of the Ohio, talkes its rise in Potter county, northern Pennsylvania,
close by the sources of the Susquehanna and Genesee.  Thence to the junction with the Monongahela at Tittshurgh
the course pursued is very irvegular. The stream first flows westerly into McKean county, and then, making a bend
to the northward, passes into New York state and across the southern part of Cattarangus county. At Salamanca,
in that county, the direction of flow turns toward Pennsylvania again, and thence to Pittsburgh its course may be
ealled sonthwesterly, althongh it is not maintained with wuel persistency.  The length of the Allegheny, following
its bends, is not far from 325 miles, and thearca of its drainage basiu is, in round numbers, 11,000 square miles, The
section of country thus comprised lies largely upon the western slopo of the Alleghany system of mountains, and
possesses, in the main, an extremely rough and broken surface, made up of high hills or mountains, the summits
of which reach, in southern New York, clevations of 2,600 or 3,000 feet above tide, while Detween the hills-ave
proportionately deep valleys. As the limits of the basin to the west of the main rviver are approached, the
mountainous character is lost, though the surface is still hilly or rolling.

Pittsburgh, at the mouth of the river, has grown with remarkable speed, and had in 1880 a population of
156,000, Scattered along the course of theriver above are a number of cities, boroughs, and villages, of considerable
importance, the prineipal among them being, in order passing up stream, Trecport, population 1,600; Kittaning,
9,600; Tranklin, 5,000; Oil City, 7,300; Tidioute, 1,300; Warren, 2,8005 Salamanca, 2,500; and Olean, 3,000,
Muel. of the country naturally tributary to the river, however, and especially thatlying to the cast and southeast of
its upper course, is but very sparsely settled. Means of communication by railroads are tolerably good, and along
the immediate course of the river such routes form a continuous line from the mouth nearly to the head-waters,
though not existing under ono management, Groat activity pervades this portion of Pennsylvania on account of
the many enterprises for developing its natural resources, which ave very great. The Allegheny river runs through
the midst of the oil region, Many of the hill-sides fairly bristle with derricks erceted over the wells; the product

"is conveyed great distances in continuous lines of pipe, and in certain localities, as for instance in the vicinity of
Olean, may be seen large numbers of ivon tanks dotting the fields for a long distance and used for storage. The
back country is clothed with valuable forests of timber, which is cub and rafted down the streams in immense
quantities. Formerly pine was tho prineipal varvioty cut, but now, along the upper waters of the main stream at
least, the supply of this has bHecomo much reduced, and Lemlock is the chief reliance. The lumber rafts are made
up of “picces” containing from 20,000 to 30,000 feet each ; from Olean tho rafts usnally start with from 100,000 to
150,000 feet, and are from time to time ¥ doubled up” as they get farther down the river, Besides oil and timber,
the section drained Ly this river is rich in accessible quarries of limestono and building-stone, and in deposits of
coal, ivon, and glass-sand. The undertakings aimed at developing the particular resources mentioned give risein
turn to numerous other industries ; various new railway lines are projected, and the cities are filled with an eager,
shifting throng of managers, projectors, and speeulators. '

Tror about half the year the river is navigabloe for small steamers to Trranklin, 123 miles above Pittsburgh. The
actual amount of transportation by water, however, is small, and the freight is mainly confined to oil and coal,
Within a few years the course from Olean down to within 30 miles of the mouth has Leen examined and in part
surveyed by Mr, Thomas P, Roberts, United States assistant en gineer, in order to determine its value for navigation,
and thoe best method of improving it.(¢) Tho plan proposed for the present ig to ¢lear the channel of obstructing rocks,
and to secure sufficiont depth at shoals by constructing wing-dams, the estimated cosb of the improvement for the 188
miles below Warren being $133,650. Tho sum of $10,000 having been appropriated by Congress, work was begun
upon the lower river in the summer of 1879.

Nothwitstanding its importance as a river which receives the drainage from a wide extent of country, muel
of which i of an elevated and even mountainous character, the Allegheny has comparatively small value for water-
power. The arvea of tho entire basin, as has been said, is about 11,000 square miles; but if we assume that by
improvements navigation may be established as far north as Warren, there remains above that point but little
more than 2,000 square miles to contribute by its drainage to the volume and available power of the main stream.
The fall in the river is also too small in that section to admit of the establishment of many water-privileges. Of the
395 miles’ entire length of the river, 255 miles are ineluded between Olean, New York, and the mouth; but the total
fall in this interval, comprising about 80 per cent, of the whole course, is only 725 feet, or an average of less than
3 feet per mile. The descent is accomplished without abrapt pitches, and even with few rapids having fall of much
consequence. Between Olean and the mouth of the Kiskiminetas, 30 miles above Pittsburgh, the greatest amounng
of natural fall on any ripple of less than 1,000 feet length is 3.0 feet in 850 feet, at Pattersow’s falls, 20% miles below
the mouth of French creek; and upon longer ripples the largest total fall is 1123 feet in 6,900 feet, at McGinnis”
rapids, about a mile below Patterson’s falls.(b) Thisriver, in fact, presents the unusnal feature of having a greater
general slope in its middle and lower, than in its upper course. The soction above Olean was deseribed by lumbermen
as sluggish far above toward {he source, and in the first 25 or 30 miles above, the elevations obtained indicate an
average slope not probably much, if at all, exceeding 1.5 foot per wile. In the succeeding 23 miles below Olean to

a Seo House T, Doc. No. 21, Porty-fifth Congress, ihird session, and Senate Ex., Dos. No. 80, Forty-sixtly Comgress, sccond session.

b Roberts’ reports of surveys.
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Salamanca the mean desecent is about 1.8 foot per Jixile, thence to Corydon 4 feet per mile, and from Corydon to
Warren 4.7 feet per mile; from Warren toward the mouth the rate of descent gradually diminishes, yet remaing
in general greater than for the section above Salamanca.

Elovation Tall
Distanca | of water- Fall Distanea o tuila
Locality. from month| surfnce | between | hetween Il)) i \Lu Authority and remnrks.
of river, |abovoe muean;  Toints. points, t(;iu‘tt‘é
gea-lovel, : it 3.
Biles. Fect. Feet, Miles. Teet,
Lort ANOEHENY evvasevnnsstnaancnsaonaunemensa] @283,00 | 31,482 00 .
1 Elevation on Bufialo, New Yark, and Dhiladelplin rail.
' 57, 08—~ 28.10 2.00—| road, nagiveninreport upon Levels above Tide, Second
J Geological Survey of Pennsylvania.
Olean .oouee Newemaacsivennanna eadenr s sar e e, 254, 00 1,404, 32
In the report by My, Thomas I, Roberts, Tnited States
agsistant enginecr, the clovation nt Olean is given ag
1,407,08 feet, baving Leen taken from tholist of elove.
ﬁonla ]iwe}mmd in coxnccti%»in wilth ttlho I‘oﬂ{mylxi'ntx}m
o an o " cologieal survey, According 1o tho profiles of the
42,83 411 1.8 Now York Stato cannly, however, tho elevation i
1,422,26 feet --moan low tideat Alhany, whichaltitude
has herve hoen adopted and referred to mean ocean-
lovel in New York harlior by adding 2.07 luet, the
difference given at tho Coast Survey office.
BAIAMANCH cuorrns naenen . 831,70 1,881, 49 |-
v 23,18 4.01
Crost of Corydon dam...eesnaee-nn remrseeesnenas 208, 60 1,288,577
o 08,77 21. 06 4,60
Warren susponsion Dridgo veeaen o vus Veenanaaene 187.60 |e1,100.00
3 75,70 22, 58 8,88 Elovations obiained, ar at Olean, by adding 16.34 feet
Hoead of Tidiouto islaudeesceeieaiiirines veanas 105.C2 1,114.21 to tho fignres given by M. Roberts,
74, 36 2177 9,42
Temlock island...... censesvarasnsa besnvramenan 143, 25 1, 039, 80
61, 80 20. 36 8,04
Tranklin, mouth of French oreok vvvevienvn.n 122, 00 78,00 |3
{ wase | 122,00 2,27 )
Pittsburgh, mouth of Allegheny viver. . 0.00 099, 20 Low-water surfaco in river (seo Elevalions of Datum
’ T'oints, as obtained by Mr, James T, Gavdner for the
Geological Survey of the Territorics),
a Portion above Olean obtained by map measurement, 0 In this case clovaiion of rails above tide, ¢ Estimated.

In that portion of its course lying north of the Pennsylvania boundary the river is bordered by wide bottom.
lands, varying from half a mile to two or three times that distance in breadth between the hills, and in places, as
in the vicinity of Olean, subject to partial overflow during freshets. At Corydon and below the vallay becomes
more contracted, and at times the hills rise with steep slopes directly from the water, The bed in this npper portion
ismainly gravel. From Olean to Jamison’s falls, a fow miles below Salamanca, it is almost exclusively composed of
this material or of gravel and sand, At Jamisow’s falls loose rocks appear in the stream, and at Limestone falls, 13
or 14 miles below, and within o few miles of the New York and Pennsylvania boundary, the bed is underlaid by solid
limestone rock, and there is o descent in the water-surface of 3.84 feet in 650 feet. Thenco down stream loose rocks
become abundant, and are usually to De found at the shoals, more or less completely embedded in the gravel.

The country drained by the npper course of the Allegheny is said to be quite well supplied with springs, the
waters of the river are clear, and are tolerably well sustained in volume, considering that there are no artificial
reservoirs and no lakes or swamp-lands of importance to regulate the flow. The natural result to be expected from
the elearing of the timber and the settlement of the country is being realized, however, and the discharge appears
to be growing more variable and unreliable than formerly. The lowest piteh is commonly reached in the early part
of September, but there are few data to show the actual volumne of water flowing in low stages. M. Roberty, in
Liis report upon the reconnaissance of tho lower river, made in 1878, states that Le gauged the discharge at o ripple
19.2 miles below French ereek and found it to be 143,900 cubic feet per minute, or say 2,400 cubic feet per second,
The river was at that time about 3 inches above its lowest stage, in falling to which it was estimated that the
diseharge might Lo reduced by as much as 20,000 cubic feet per minute, or 330 per second.  Mr. Roberts also mentions
that the volume of the river near Pittsburgl is said to sink as low as to 80,000 cubic feet per minute, or 1,330 per
second, in the lowest stages, bub expresses the opinion that more exact measurements would perhaps show a closer
agreement than exists between the data here given, These results may be thus presented:

Data concerning the discharge of the Allegheny river,

X Srin ,‘ ! Tlow per
Lacalty. Stngootwater, | Diatee | o 0er | s Tomasi,
Sg. miles. | Cuble yeet. | Oubio fect,
Rolerts' Ttun ripple, 19.2 miles below | Three inches ahovelowost 2,400 0,40 | Gauging made in 1878 by Thomas I, Roberts, United States
French crecls, water marks, } 0, 020 { nggistant engineer.
L O Lowest water. ..oovnveenan 2,070 0,34 | Roughly estimated from the above gauging by Mr Roberta.
Near Pittabargh...cvvenieeaainnrnnaniann (T« 11,100 1,830 0.12 | Volume snid to bo reached at times.
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The elevated region about the upper course of this river is often covered in winter by a very deep body of snow,
which not infrequently attains a depth of 3 feet on a level in the more accessible distriets, and not unlikely much
more than that among the mountains. The melting of this mass of snow produces a heavy spring freshet, usuvally
in March, and other rises are also caused by the rains of carly summer and of antumn. These freshets affect the
river in a varying manner, according to the conditions existing in different parts of its course. Thus, in the
comparatively sluggish portion above Salamanca, the stream i described as rising graduallyy attaining in the
vicinity of Olean usually a height of about 10 feet above low wator and submerging the flats to depths of from 1 to
b feet. The highest rise of which any thing could be learned was that of 1805, reported to have been between 21
and 22 feet ab Portville, a few miles above Olean, and at the latter point there was a rise of 15.8 feet in 1873. As
the river here rises rather slowly, so it also runs out slowly, a high stage of water sometimes holding for two weeks
and stopping the mills near Olean. Tarther down stream, on the other hand, the river is regarded as rising and
falling quite rapidly, and along the section on which Corydon is situated, where the slope is twice as great as above
Salamanen, the valley lands are overflowed only at long intervals and during extremely high freshets.

Teo is a powerful and destructive agent on this river. It forms very thick, sometimes 30 inches at Franklin, and
when forced out by a rise in the stream, meeting bub few obstructions to reduce it to fine pieces, becomes gorged
and piled up in bends and on shoals. Generally the ice-dams thus made soon go out, but large masses of cake-ice
are left on the banks, to which they become firmly cenmiented ; in some subsequent rise they float off, carrying with
them gravel, large stones, and even sometimes, it is said, tearing out trees, Mr. Roberts states that “at Kinzua,
in the upper wide bottom-land region, 544 miles below Olean, an ice-gorge some years ago dammed the river up,
and caused it to flow in a circuitous route a mile or more through the bLottoms, where it washed off the soil of
cultivated flelds and caused much damage to property before finally returning to the channel”, Ibig evident that
such heavy ice-runs must be a menace to dans seattered along the river, yet they are maintained in security at a
number of points, and every additional one tends to mitigate the evil,

Water-power is employed on the Allegheny river at Corydon, Salamanca, Portville, and ab several scattered
points above, its use being confined mainly to saw-mills, The number of these mills along the river was formerly
greater than now, but has decreased with the clearing away of much of the timber, although there hag at the same
time been an increase in the size of those concerns continning operations. Althougl it is not probable that the
power of the river could now be developed and profitably utilized. to much extent for sawing lumber, yet the
location of its course seems very well suited to the manufacture of wood-pulp, paper, and various articles of wooden
ware,  Wood-pulp is now manufactured at Salmnanca and Corydon by water-power; at the Iatter place the material
employed is principally poplar and basswood, of which there is said to be an abundance in the vicinity, At each of
the three points which have been mentioned in particular as sites where power is utilized, the dams are low structures,
builb of piles, which is indeed said to be the prevailing construction on the streams of this section.

The extent of utilization of the extreme upper river may sufliciently well be learned from the table of utilized
power; personal examinations were carried but a fow miles above Olean, New York, At that place the stream is
about 200 feet wide, shallow, with a moderate current and gravelly bed. The banks are perhaps 10 feet high,
suceeeded to the sounth or left at a short distance by hills, while on the north side thero stretches out a wide level
valley, in which the village is built. . A few miles up stream, at a point Jocally known ag Weston’s Mills, in the town
of Portville, the firm of Weston Brothers lias a large saw-mill, and & second, 3 miles still above, at Mill Grove. At
the latter point a fall of about 5% feet is obtained, and a gang-saw, a “slabber”, and a circular saw are run, from
5,000,000 to 6,000,000 feet of hemlock lumber being sawed annually. The supply of this variety of timber is large,
and it is being felled all the way from Olean to the head of the river; accessible supplies of pine, however, along the
course are very limited, and the Westons are thoe only firm eutting that kind of timber, thongh formerly lambering
operations were confined to it almost exclusively. At the lower mill the sawing is aboub half in pine and half in
hemloclk, and amounts, en the average, to about 12,000,000 feet per annum, ranging from 10,000,000 up to 17,000,000.
Steam-power is used in a planing-mill, a shingle-mill, and some other works, but substantially all the sawing is
done by water-power, and there are operated 2 flat gang-saws, 2 “slabbing gangs”, 2 «Tinglish mills”, and other
machinery. The fall is about 5% feet, never exceeding 6, and it is estimated that not far from 250 horse-power is
employed. The mill is run througlout the year, and both night and day when the water-supply is sufficient. This
is the case for from six to nine months in the year, but for the remainder of the time there is moroe or less shortage.
During the dry season of 1882, for some months it was possible to run ouly about one-half the worlks, and that for
but twelve hours per day. The storage is sufficiently large, extending back 3 miles at the lower privilege and 10

“miles at the upper, to control at such times the flow of the stream, the night-water just about filling the lower pond.

The dam is 220 feet long and not over 5 feet high. Tt consists of piles ranged across the stream in three rows 8 feet
apart. On the tops of the piles are capping-picces, and, over all, planking, giving a single slope, and that down
stream. The front and hack of the dam are vertical and faced with planking, the planks running horizontally; the
facing of the hack is carried down probably § feet into the river-bed, which is composed of gravel; that of the front
(fastened to the inner surfaces of the piles) extends only to the bed. The interior of the structure is filled in with

loose stone.
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The next use of power is met with at Salamanea, between 25 and 30 miles farther down stream. The river
still maintaing a gravelly bed and runs shallow, but has increased in width to from 300 to 350 feet and is confined
between banks of fair height. The village has 2,600 inhabitants, and lies on the right bank, in a valley not
apparently more than half or three-quarters of a mile wide, and shut in by high, partially-wooded hills, The dam
is somewbhat convex up stream, and rung out in two sectiong to an island, with a total length of about 415 feet, It
is a pile structure, similar in construetion to that already described, but with o slope each way from the crest, The
front slope is 16 fect long and covered with 3-inch planking ; it decreases in height above the river-bed from 7§ feet
at tho crest to 3 feet at the overfall, and serves as au apron, The baclk slope is continned down to or into the river-
bed, and near the foot the space beneath is filled in with brush and stone; otherwise the space under the covering
of the dam remaing open, There ave five rows of piling, about ¢ feet ‘Lparb in the direction of the stream, and
penetrating probably an equal distance into the bed, one row beneath the crest and two on each side; transversely
to the stream the piles are dviven at intervals of about 8 feet, and crib-work abutments protect tho ends of the
structurve. This dam was crected at o cost stated to have been 83,0005 it stands securcly and is reasonably tight,

A raco about 75 feet wide leads down the south bank perbaps a third of o mile to the mills owned Ly Messrs,
Hall & Whitmore. A fall averaging say 7 {eet, with o maximum of about §, is obtained, and an estimated total
of 200 horse-power is employed in works for the manufacture of lumber and wood-pulp. Tifteen tons of pulp ave
ground per week, and ave shipped to Rochester, Cleveland, and other points.  The saw-mill has & eapacity of 100,000
feet per 24 hours, and actually manufactares from 5,000,000 to 6,000,000 feet of lumber yearly ; one gang of 26 saws,
one cirenlar saw of 6 feet diameter, three planers, and a lath-mill are run, besides other small machinery, Tine
timber is obtained 10 miles above Bradford, Pennsylvania, and hemlock at various points.  Pine has hitherto heen
the principal variety sawed, but here, as clsewhere, will soon be entirely supplanted by hemlock, The suply of
water suffices for the present demands of the works for about eight months in the year. Amn occasional stoppage
of the mills is foreed in winter by anchor-ice, here known as slush-ice, and more or less trouble is also expevienced
for threo or four weeks during the year from the baekwater resulting from freshets.

Bstimate of power at Salamancy.

setive

RAINFALT, ON BABIN, I;]:?Xx}:f“ |
. oot e 10T
. « . P Ly e ’ lox tho * w w(-u
Spring, | Summer, | Antamn, ] Winter, | Year, 24 howrs. [ fuuse,

" Inches. | Inches. | Inches, | Inches, || Inches, Sq.milea, | Cuble feot. § 1 foot fall. | 7 feet fall,

Tow water, dry yom. ‘l i { 250 28,40 200 l
Tow water, averago yoar .....oun pevanesaraieannns 3 0 113 10 0% 40 1, 550 820 40, 35 050 Sufi
Availablo 10 months, LveTREe FOAT cireanvanrreanes l \ l 500 60, 80 400

The Buffalo, Dittsburgh, and Western railroad follows down the river from Salamanca to Oil Oity, crossing
several times, Tor 40 miles above the New York and Pemnsylvania boundary the land adjoining the viver for
half a mile in width on each side belongs to the Sencea Indian reservation ; below the boundary, in Dennsylvania, a
strip 2 miles long and half a mile wide, lying on the right bank of the river in the vicinity of Corydou, is included
similarly in the Cornplanter reservation. On these reservations the Indians are said to live in a poor, shiftless
fashion, doing but little to improve their lands and engaging in no manufacturing industry whateven,

From Salamanes to Corydon ripples appear here and there in the stream, the bed continues gravelly, and one
bank or the other is often low. At Corydon the valley is similar to what has been deseribed at points above, though
somewhat narrower. Thelands adjacent to the river are here seldom overflowed and ave v ery valuable for forming,
being finely suited fo the raising of grass and the various grains, Beyond rise high hills, frequently with steep
slopes; these are wooded, but most of the larger timber has been cut away from the immediate valley sides, The
settlement in this section is very sparse, and the entire township of Corydon contained in 1880 but 335 inhabitants.
At the village of the same name the riveris obstructed by alow dam not over 4 feet high, built about the year 1865
ab a cost estimated not to have exceeded $4,000. The main structure is about 350 feet in length, and, like the dams
farther up the river, is built of piles, running across the river in this case in fonr rows 8 feet apart; the cross-
section is similar to that of the dam at Salamanca, except that there is one less row of piles. With 1-foot flash-
boards, or “brackets”, as they are also called, a fall of about 6 feet is obtained at the mills, which are on either side
of the river. On the west bank are Leacl’s saw-mill, not running at the time it was visited, and Dalrymple’s mill,
ab which probably 1,000,000 feet of lumber—pine and hemlock—is sawed yearly. On the east bank power is used -
as follows: Dy Sunderlin & Payne for a saw-mill and for the manufacture of fork-, hoe-, rake-, and broom-handles
and dowels, the firm ronning 6 circular saws, varying from 12 inches to 53 fect in diameter, and usmg about
1,000,000 feet of lumber yearly, largely maple and ash; by the Jamestown Wood Pulp & Paper Company, having
an average daily production of about 1% ton; by T J. Morrison for a saw-mill at which probably 1,500,000 feet of

umber is sawed annually; and by Messrs. F, J, & P, Williams for o shingle-mill with an estimated capacity for
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manufacturing 1,500,000 shingles per year. Spokes, hubs, and staves are also largely manufactured in the village,

though not by water-power. The power at the privilege described is sufficient for the full supply of the mills

grouped around it for only about four months in the year. Tho velume of water earries ice clear of the dam, and
very little hinderance is suffered from backwater,

Estimale of power at Corydon,

RAINFALL ON BASIN, Flow p{sr Effective
y BCCON] N N - horse-
Stage of river, ‘ Dr ni!‘mge ATOINEO Theox ““c,“l, horse- power of
Sprin Summer, | Autumn, | Winter, || Year et for tho 24 powor. wheals in
pring. ' g . . Liours, use,
Inches. Inches, Inches, Tnches. Jnches, Sq. miles. | CQubio feet. | 1 foot fall. | 6 feet fall.
Low Wi, QU YOATereer e imenrevannnncan. l [ 200 39, 94 200 1_
Low water, avorage yenr.......ve. . 0 113 10 0% 40 1,814 480 43.17 260 350
Available 10 months, average yenr.. J 1 680 65, 80 400 J

There are thought to be other sites on this section of the river as available for improvement as the one described,
A fow miles below the village a part of the river is said to be controlled by a dam running out from one bank to

an island, but the use of power is unimportant, and no other developed privilege below Corydon was reported.

From that point down to Kinzua, at the mouth of Xinzua ereek, the valley is narrow, apparently seldom more than
a quarter or a third of a mile wide, and though much of the way the river runs near the hills, yet at least one bank

is usually low. There is a fair current, with occasional ripples and islands. Just below Kinzua the hills shut in,
and at points rise steep and wooded directly from the river. The valley continues contracted, the flats narrow
and disconneeted, until, at ' Warven, there is again a widening. This place is pretiily situated on the left banlk, on

a level terrace stretehing back a short distance to the hills,
In tho following table is given a list of those ripples between Olean and Warren on which the fall is not less

‘than 3 feet. The river below Warren being navigable, though only for a small portion of the year to that point,
and its improvement for navigation, at a moderats outlay, being considered practicable, that section will not here

De assumed ag available for water-power:

Estimate of power at the principal ripples on the Allegheny viver between Olean and Warren.(a)

THRONRIIOAT JIORBR-LOWER ITR
FOOT OF FALL, BABED ON AVER-
AGE PLOW TOL TUR &4 LIOURB,
Distanco ‘ o .
. Drainngoe " Longth of | Fall on
Loeality, . abovo " .
Y mxen” | gyneren () ripple. Tipplo, Low wdor Avallablo
Low water,| ~ .00 o ' 10 mionths,
dry year. orig nvoragoe
yenr, year.
Sq. miles. | Miles, Feet, Feet,
Ripple helow Salamanes oeveevnenvuns 1, 656 43,2 1,200 8.82 28 20 57
[S1RVY () O, PN 1,070 an1 1,050 8. 03 i1 40 01
Gravel Dars ..o 1,76 28,1 800 3.87 32 41 04
Timestone falls . cenvrrvenan PP 1,784 25,4 050 8.84 33 43 1]
Corydon (dam snd vipple) «eaves . 1, 8L 20.8 600 6, 81 33 48 GG
GIImAan's DAL veveervmvnenrmnanes RN 1,872 16,1 500 3,02 84 44 68
Tavrrson's lower Tipple ceveeeeveainans 1,023 13.8 800 8,42 85 45 ¢

a Tdst of ripples taken from reports of survoys by Thomas T, Rehorts, United States nssistant engineer,
b Tor distance abovo Pittsburgh add 187, 7 miles,

TRIBUTARIES OF THE ALLEGIIENY RIVER.

The principal affluents of the Allegheny river, as regards extent of drainage arca, are the Conewango and

“French crecks on the wost side, and the Clarion and Kiskiminetas rivers on the east. Aside from the main river,

the examinations made in this section were confined to the two first-mentioned tributaries. Some information
coneerning the Olarion and Kigkiminetas is contained in the veport, already referred to, of a reconnaissance of the
lower Allegheny, from which it appears that in a dry season those streams, in common generally with the
tributaries entering the main river from the east, are very poorly sustained in volume, and in that respect are
unfavorable to use for water-power. Thus, at the time of his examination, made in October, 1878, Mr. Roberts
roughly estimated the discharge of the Clarion river during the low stage then prevailing to be not more than one-
twentieth that of French ereek, though its drainage basin is greater by some 50 square miles, The Iliskiminctas
also was found very low, its discharge being estimated as less than 90 cubic feet per seecond, or about an eighth

that of French ereek at the same period; yet the former drains 1,800 square miles and the latter only about 1,130.
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Drainage arveas of tributaries of the Allegheny river.

Stroam. '?33{';0 Steepm, %1?{{850
OSWATO CTeER. e eunremmneserenn PR 45 Frenelt 0ok v eeneisenrnseenrcaniians 1,130
Olean creek....... vemmnens 150 Clarion river ..... 1,184
Grreat Forks ereek.can.. . 139 Red Bank crock . 646
. Tunogawant creek coceevrnrmmeanes 178 Maloning ereek cvavreveremaneeasinns 804
Conownngo oreek vaveevsueeosinns 800 Crooked 100k ceaanmreneiacarnnnnan 205
Tionosta creel .uevanmnrcaes P 440 Kiskiminetas river s aaveeeiencineanns 1,799
[0 1T PP 200

Table of altitudes on various tributarics of the Allegheny river,

' Distance | lovation
Stream, Locality, m ({;I‘f’%‘ of "‘l)’xo)“f,(f\h}," Romarks,
strepm.  |ocean-lovil
Atles. Fret,
liudsdale, Now York .oveene-n, 85 1,460 § Ilevation of rails at station abovae tide, corrected from levels of Buffalo, Now
York, amd Philadelphin railvoad,
Mouth,veeue.... PR veravanae 0.0 1,424 | Wator-surfnco above mean ocean-lovel,
I ieottaville, New York «ovun.. 110 1,548 | Water-surface in Great Valley creck above oceandovel, by proQito of Rochester
il Btate Line railrond.
Mouth oeaieeninnns Ceerinerennnes 0.0 1,380 | Water-surface above mean ocean-jovel,
Dradford, Pemnsylvanin ..o, 10, 6 1,444 | Reils at station abovo ocoandovol, corrected from TFinch's profile, Bradford
hraneh of Now York and Erie railrond,
B 1 | 00 1,400 | Watersurface above menn ocean-level,
Sheflicld 37,0 1, 407 [ Radls ab station veftrred to mean tide at Baltimore, covrected from lovels of
Philndelphia and Evle railvond.
DOeeerinicinrnnrinones Mouthoeeoinsnn [ 0.0 1,001 | ‘Water-surfacy above mean ocenn-lovel, :
Oil ereck vuvus anas waenes] Tifugville ... Srasm v aennenbnns 10,56 1,104 tila at station above mean ocean-evel, by profile of Pittaburglh, Tituasvillo,
and Juflulo railvoad.
Doeenenn PN Mowtheoisueunenn [PPRN ‘euran . 0.0 1,002 | Water-aurface above mean ocoan-lovel,
Fronel creol veneeeaaussns. Lebound..onevnnae. 1 1,217 | Ruoils at station rofevred 1o menn tide at Baltimore, corveated from lovels or
Thiludelphin and Erio railrond.
Do..... PP PR Meadville....... PPN Crewnreans 20,0 1, V80 'Ruil;\l at station above veean-level, by profile of Atlantio and Greal Western
reilvond,
0 T TR Mouth 0.0 78 | Watersurfaco above menn ocoan-devel,
L RIdgway caeenas (N 1,303 | Rnils at station referred to mean tide at Baltimore, corvected from Jovels of
Lhilndelplia snd Bvlo railroad,
0 T T 1 1 N 0.0 8714] Water-surfaco nbovo mean ocenn-lovel,
TRod Bank e¢reel coveveverne] BrOOKVIIIG verneeenneieenannenses 40.7 1,938 ails ot atation roferved to oceanlovel, by levels of Bennotlt's Branch railvond.
DOvvereenvniiiansonanns| Mouth,oe.n.. veaersenainn Ceanaen 0.0 8301 Water-surface above mean ocenn-level.
Kiskininotas river . .| Johngtown on the Conemangli.. 04,0 1,184 | Rafla at atntion above mean vconn-dovel, by Pennaylvanin Railroad lovels,
DOeiiriniranieeenaneas| Bladravillo ..., imewasraananrens 47,6 065 ‘.Rslﬂl\a r{t Penuaylvanin canal above mean ocean-lavel, by Pennsyleania Raflroad
Gveis,
DO.ereriariervarananns MOU R e e e emnearasrensansane 0.0 7541 Wator-surface ahove ruean ocenn.lovel,

Norz.—Tho above table &oes not furnish the actual fall in the water-surfaces of tho varfons sireams, and is stmply intended to convey o rough iden of the deseents
along thelr courses, The distances given are only approximate, having been obtainod Ly map mensurement to a nob very lergo scale. Tho olovations above the
months have beon talkon from tho report on Levels above Tide, Second Geological Survey of Pennsylvanie. Tho elovations of watersurlace at the mouths have
boon estimated ns nearly as pogsible from tho results of surveys by Mr, Lhomas P, Roberts, as given in his reports, correcting thoso results, however, to agreo with
the elevations adopted for the New Tork state canals; the correction which bins boen applied conatsts in adding 16,94 fect, ns alroady oxplained in connection with the
tablo of altitndoes for the muin Allegheny viver., Below Franklin the elovations at the mouths of the tributavies have boen obtained by subtracting from the assumed
elevation at the mouth of French crecl the {fall as shown by surveys of {ho Allogheny Valley railroad, stated by Mr, Roberts in his veport of Docemben, 1878 (House
. Doe. No. 21, Fortyifth Congress, third session),

Conewango c¢reek.—The source of this stream is in the northeastern part of Chantauqua county, New York,
within 10 miles of lake Iirie; thence the course is irregular, but on the whole southerly, into Warren county,
Pennsylvania, and at the borough of Warren a junction is effected with the Allegheny river, By general course the
length of the stream is 45 or 50 miles. There are dams at various points along its course, but the chief mannfucturing
point within the section drained is Jamestown, a very attractive and enterprising village of between 9,000 and
10,000 inhabitants, about 8 miles from the foot of Chautauque lake. The outlet of this lake runs easterly through
the town of Ellicott, and having been joined by Cassadaga creck continues into the town of Poland, where it joins
the Conewango.

Chantauqua lake lies near the center of the county bearing the same name, its head within 8 miles of lake
Lric. It occupies a long and deep depression among the surrounding hills, which rise 600 or 800 feet above its
level. Tha length of the lake is 16 or 18 miles; in width it varies, in general, from 1 to 2 miles, but near the conter
becomes so contracted as to receive the appearance of two separate lakes joined by a narrow arm. As represented
on French’s map of New York state, its surface: covers an area of about 18.4 square miles, and in the Gazetfeer

of New York its clevation above tide is stated as 1,291 feet. Assuming the corresponding elevation at the mouth
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of Conewango creek to be 1,190 feet,(a) there is afall to that point from the lake of 101 feet in a distance, following
the windings of the stream as accurately as practicable on the map, of about 343 miles; the average descent for
the entire distance is therefore not far from 3 feet to the mile,

The main employment of the outlet for water-power is at Jamestown, the manufactures of which are quite
extensive in shoes, chairs, worsteds, cottons, alpacas, and other goods, but are largely based upon steam as motive
power. The stream is there perhaps 50 feet wide, and in the upper part of the village is obstructed by a dam by
means of which a partial control is exercised over the storage of thelalke. There is a tributary area above that point,
including the surface of the lake itself, of 178 square miles, but the restrictions are such that the drainage passing
down through the outlet can not be maintained at a uniform rate of flow during the year, but at certain times there
is a considerable wastage over the dam, and at others the supply of water runs short at the mills, Numerous springs
assist in feeding the lake, and the rains and melting snows of spring regularly fill it and cause a surplas of water
for the demands of the mills at Jamestown., From spring on through the dry season the volume is steadily reduced,
the range in level during thoe year being stated as ordinarily 3 feet, or from 1 foot above the crest of the upper
dam to 2 feet below. Oceasionally a strong wind up the lake will almost entirely cut off the discharge through
the outlet. The lake is navigable, and is thus largely utilized in summer, both by pleasure steamers and for the
transportation of freight to and fro between Jamestown and Maysville, at the head, where connection is had with
the Lake Shore and Michigan Southern railway by o short intervening line, Near the foot of the lake the depth
is shallow, and the interests of navigation forbid the lowering of the water-surface to any considerable extent ;.
and, on the other hand, it has been decided in court that the surface must not be artificially maintained at a higher
level than under the present arrangement, .

From tho upper dam & race follows down the left bank of the outlet, giving at the lower mill a fall of about 11
feet, and supplying power to two grist-mills and to half a dozen or so other establishments, comprising in their
produnction machine- and foundery-work, axes, washing-machines, planters, chairs, sashes, doors, blinds, and other
articles. 1), JI. Grandin has a first right to sufficient water for use in his grist-mill, and estimates that about 125
horse-power of water-wheels is there employed under a fall of 11 feet. Tor about one-halt the year the supply of
water is equal to the requirements of the various mills on the race, but during the rest of the time, and especially in
the months of July, August, and September, most of them are compelled to rely in large part upon steam. With
all the other concerns shut down there is at times not enough water for the five wheels at Grandin’s mill, and when
there is an unfavorable wind on the lake there is even for a day or two at a time an insufficient amount for a single
wheel.

In the lower part of the village the outlet is again dammed, and a fall of 6 feet is obtained, furnishing power to
Allen, Preston & CoJs woolen-mill, to John T, Wilson’s saw-mill, lath-mill, and sash-and-blind factory, and to the
Breed Furniture Company’s works ; some waste water is also used in n stave factory.

Still farther down in Jamestown, at a place locally known as Dexterville, another privilege is in use, with an
extreme fall stated as 16 feet, About this point ave grouped a grist-mill, a saw-mill, and works for the manufacture
of axes and edge-tools.

Drainage areas.
Square miles,

Chautangun outlot ab f006 0F JAKO «uuuus veee o i et ciit it cmannnee mms cumnas srannr sumans snsmananneneannn monan 178
Chantangua outlet below Cassadaga ereek.ooaene s ienennaeeiiannn ey s R 343
Conewnngo ereelt 4f MOULN « . con vueauy memteme ce e teiianmena bae e c e ce v reamre tannerannesmnnannananscnene B0

Trench creek.—Xeading in the extreme southwestern corner of New York state, in Ohantauqua county, its
sources within a dozen miles of lake Trie, French creek, or, as it was once called, the Venango river, enters
Penngylvania, and making a bold curve to the westward through the counties of Erie and Orawford, swerves around
to the southeast, cuts across a corner of Mercer, and near the center of Venango county joins the Allegheny. The
area of its drainagoe basin has already been given as 1,130 square miles. Its cntire length is by general course
756 miles, or, following the bends closely by map measurement, 90 miles; bub portions of the stream are very
crooked, and tho actual distance by water from source to mounth is doubtless considerably greater.

The country drained has a moderately rolling surface, and was formerly covered with a heavy growth of timber,
whicl was ent and rafted down tho stream, The supply of pine has now become greatly reduced, and comparatively
little rafting is done. TFor that which is still carried on advantage is taken of the high stages of water prevailing in
spring, early summer, and fall. There is an important rise in the spring, largely due to melting snows, and another
in June, caused by heavy rains; after the latter freshet no rafting is done until the water is again raised by antumn
raing, Many years ago the stream was very gradual in its flnctuations, rising slowly and remaining up for along
time. Within the course of fifty years, however, thero has been a noticeable change in this respect, and with the
clearing of the country the oscillations have come to take place more rapidly, though even now the streamt appears
by no means to Le what may be termed ¢ flashy”, At the mouth it is stated that after a general rain the stream
continues rising for about twenty-four hours beyond the cessation of the storm. The bed is in general gravelly,
thongh at the mouth composed of a soft rock which slakes on exposure to the air. The banks are much of the way

a Bee elevation at Warren, table showing the fall in the Allegheny river, page 10, »
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of black loam, and though of fair height are often unequal, being on the cne hand low and succeeded by flats, while
on the other they rise to bluffs. They are not so high bub that in many localities they are submerged during
extreme freshets, and in some places during ordinary ones. The common spring rise at Meadville is stated to Le in
the neighborhood of 11 feet, but at times the stream has been known to run a mile wide, stretching from hill to hill,
Springs are said to be freely scattered over the drainage basin, and the low-water volume of the stream is fairly well
sustained. YWest of Meadville there is a lake of considerable size, and also in the upper waters there are one or two

small tributary lakes.
Table showing the fall in French creek.

Ilevation . Fall
Distnneo | of wator- Tall Digtance or mile ;
Locality, from surface | between | between stween- Authority for elevations.
mouth, {ghovomean| points, points. points
sen-lovol. ’ '
Mileg. (a} Feat, Feet, Afiles, Feet.
ossing of New York, Pennsylvanin, and Ohio 42.7 1,128 Elevationa kindly furnished by Mr Chiarles Latimer,
'CI; agilrggli, a sl?(‘)‘;-t (?irat-n.ucle‘ eazb of Cambridge. _' % 70 20,0 3, 5% 81111101' mi\lginclur of the New York, Penusylvanin, and
‘Crogsing by above railroad a fow miles below 22.7 1, 058 o ratiroad,
Meadville, g 80 2.7 8.6 »
Mouth of creck..-.... wavsresnreracransrannanun 0.0 978 Seo table of fall in Allegheny river,

o By map measurement,

The section tributary to French creck is finely suited to farming, and has a large production of wheat, wool,
butter, and cheese, aud many cattle are raised.” Although most of the pine timber has been cut, much hard wood
yeb remains standing in the upper basin, In the region about Meadville the soil on the hills is clayey, while in the
valleys there is a rieh black loam. Toward the mouth the land is described as finely adapted to wheatraising,
but poorly farmed; the production of wheatis thought to be steadily inereasing, however, throughout this part
.of tho state. On the main portion of the stream the principal places aro ¥ranklin, directly at the moutl, with o
population of 5,000; and Meadville, some 30 miles above, with 8,900. In addition to the use of the stream for
floating rafts, thore is a small amount of navigation by flat-boats, these and the rafts passing down over the dams
in long slopivg chutes, from which water is at other times excluded by a log placed across ab the head, Years
-ago Meadville enjoyed communication, via the Erie canal of Pennsylvania, both with the Olio viver at Beaver and
with lake Erie at Erie. Trom a point 2 miles above the city, a canal opened out from French creek, and following
«lown through and for about 7 miles below Meadville on the east bank, then crossed the stream on an aqueduct,
and passing westwardly along the valley of Conneaut outlet reached Conneaunti lake, on the summit between Trench
creek and the Beaver river. This lake, which when full covered 2,600 acres, was artificially raised by an embankment
and served ag a storage reservoir, feeding the main canal both northerly down the Conneant Creck valley toward
lake Erie, for 45§ miles, and southerly for 15§ miles down the Shenango line toward the Ohio river. The canal was
Tong since abandoned, but the lake of course remains as such, though it is thought to be lower than it was when in
use for storage. Iblies in a marshy district which is being suecessfully drained. The greater portion of French
-creek is followed closely by the New York, Pennsylvania, and Ohio railroad—Dbelow Meadville by its Franklin branch,
and above by the main line,

Measuremeonts of the volumo of water flowing in this stream were made once or twice previously to 1839, also
during that year, and again in 18067, the results of ecach being recoxded in a report made in December, 1867, by the
late W. Milnor Roberts, ab that time consulting engineer to the Erie Canal Company of Pennsylvania. These
measurements wers made in the vieinity of Meadville, and in October, 1878, a rough ganging was made at the mouth
-of the stream by Mr. Thomas I, Roberts, then engaged in a reconnaissance of the Allegheny. The volumes of flow
found by these various gaugings, together with some additional data, are contained in the following table:

Data concerning the flow of Trench creck.

Tlow por
. : : " ) . Drainnge | Flow per |socond per -
Locality of ganging, Date of ganging. Btagoe of water. aren, second. aqm\rlo Ttemnrks,
mile,
Square miles. | Cubic feet. | Cubic feel.
JAbove Meadville (¢) ....... Proviously to1839.| Stated as minimum flow of exireme 618 138 0,22 | Gauging hy Alonzo Livermore, eivil
low water. engineer,
DO vnenenccnanimenes R [ RN R (3 (R 618 159 0,26 | Gauging at wnother timoe hy Major
Douglass, civil engineen,
-Bite of feedor-dam, 2 miles | Septomber, 1839. .| Unusually low, but not extrewe low G18 380 0.61 | Ganging under direction of W, Miluov
ahove Meadville, wuter, Roberts,
Do eenieerans e October, 1867, .00 Minimum flow at driest part of an 618 202 0.36 | Gauging made by IL 1L Loverldge,
unusunlly dry season, under direction of W, Milnor Rubwts,
Mouth of stream..........| October, 1878...... Not staled, but the Allegheny was 1,130 708 0.63 | Rongh gauging made by Thomas P.
ubont § inches above 1ts lowest Roberts, United States assistant en-
stage, and during the month ity gineer,
yvineipal tributaries wers found ’
very low,

« Assumed to bave been at feeder-dam, though not definitely so stated.
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Ifreneh ereek was not examined above Meadville, There is said to be a paper-mill run by water-power 4 miles
above the city, & flouring-mill at Saegerstown, another at Venango, and probably more or less use of power at other
points farther up the course. At Meadville the stream runs about 175 feet wide, and on the right or west side
approaches close to the high hills which inclose the valley ; on the east side is a broad level plateau, on which the
city lies, and boyond a rise to hills. The power of the stream is here put to use for the city water-works, and for a
flouring-mill carrying 5 runs of stones and some rollers. Advantage has been taken of the old state improvements,
water being brought some 2 iles from the feeder-dam in the channel of the canalwhieh has already been mentioned.
The total fall which could be obtained with the present height of dam and length of camnal iy stated as 21 fect ; the
fall actually in use ranges from 16 to 18 feet. The water-works have n single wheel, rated at abont 110 hOl‘bL‘.
power, and the flouring-mill has 2 wheels, also estimated to give in the aggreate a little over 100 horse-power, but at
neither place is the full power commonly in use. The supply of water is always sufficient for the water-works alone,
but in low water sometimes will not 4ll the demands of both these and the ﬂourin g-mill.  Tha da is some 400 feet
Jong, with an entire width at base of 90 or 100feet. Many years ago there wa dfun at this site, but the overfalling
water scoured a deep hole below it and the state built & new structure 1nnuedmtel3 below, filling the intervening
space with stone. Thoe present dam, or at least the newer portion, is a timber and stone mb -work covered with a
double thickness of 4-inch planking., The fall from water-surface to water-surface is commonly about 10 feet, but
in places the dam itself is thought to have u height, measured between foundation and crest, of as much as 25 feet,

Lstimate of power at Meadrille,

RAINPALL ON BASIN, o 1‘1”“'1 1, Lor "
. it peraccom . l(llﬁ(} SPOWL
Stage of water. o e DIL'H:‘“H“ Lvorago Theoretical horso-poswer (rnicd)

Spring. " 8 Winter. | < Your, f"l‘mtlll‘l‘; i 0§1:‘11111;(: 1s
Inches, l Inelces. 1 Inches. l Iiches, { Inehes. | Sy, aniles, | Cubie feet | 1 foul full, 17fuvt,fau. 21 feel full,
Low waler, dry yoear...... feerenesmases 1 | : l’ 120 13.03 230 ‘;‘001

Low water, 4VOrfEe YOI coveesenseans r 10 144 0% { 0 | 43 a (18 160 1% 18 510 280 2004
Availablo 10 months, avernge yept.... . J | i l 240 27,20 460 570J

| ] |

a At feederdim; drainnge aren at elty, below Cussewago ereek, 18 720 sguare niles,

Trom Meadville to Ifranklin there was no power in use, so far ag could he learned. In that distance there is a
good current, with ceeasional ripples, and oue or two considerable rapids, as at Caxleton and near Franklin, TForthe
whole section the average fall is probably nob over 3 feet per mile.  The valley is narrow, apparently seldom much
exceeding a quarter of a mile in width between the bases of the hills, these growing higher and more abrupt
toward the mounth of the stream. The course of the latter nsnally borders the hills on one side, but the opposite
bank is low, and herein seemns to lie, aside from the moderate fall, the principal objection to the development of
power on this portion of the stream. There are doubtless some points where the banks would admit of a dam of
fair height, but in general it may be said that any material raising of the water-surface wounld aggravate overflows
above and endanger the rvailroad track, whicl, it is said, is even now sometimes submerged at points,

The last mill on the stream is at Franklin, but a short distance from the mouth. French creek has in this
portion of its conrse o width ranging from 200 to 350 feet. In the valley-sides are outeropping hovizontal strata of
rock, which farther to the northward are not much exposed. Iranklin is on the west bank, on a rather narrow
platean. Directly opposite, across French ereek, there rises steeply & hill hongycombed with oil-wells and covered
with a forest of derricks. 1Iere, as at Meadville, the water-privilege has the Lenefit of an old state dam, built, in
this case, somo twenty-five or thirty years ago for the purpose of (/reatm g slack-water navigation, It 1s 325 ice
long, and gives a fall of about 54 feet; the construction is of timber and stone crib-work., The Venango flonring-mill,
of which Messrs, Johnson & Co, are proprietors, carvies 12 sets of rollers, and has a capacity for 200 or 125 harrels
of flour per day. Six water-wheels are in use, estimated at 100 horse-power in the aggregate.  Considerable leakage
takes placa throngh the dam; and for as much as one month in an ordinary year, and even two months in an
unusually dry one, the mill has not a full sapply of water. Treshet backwater from the Allegheny now and then
causes o stoppage for a day op two, and ten years or 0 ago an ice-gorge a mile below in that river raised the water-
surface in Irench ereck above the crest of the dam, and for a munth the mill conld not be ran.

Bstimate of power at Franklin,

e, e
: 153 Ly noretics S
Stagoe of water, . — o Dratonga | 5 o ﬂ;q() Theor "t.m,“‘l horse- (ratcd)
‘ Aren. for the 2 power. of whaels
Bpring, s Awtamn, | Winter, || Year, Tours. i1 uss.
i S—
! |
Inches. | Inches, l TInches. l Inches. I Inches. | Sq. miles, | Cubic feet. | 1fo0t full, 1 64 feet Jall.
Low water, A0y el et imnansiaisnnrnanes 1 [ 210 23.80 130 ]
Low witer, avepige Fear oooieeiiiinneessumenaes. S U] 134 10 0} 43 1,180 280 31,81 0o 100
Available 10 months, averago yenr.c...e..a-. [ J * i l 420 47,71 260 J
' 3]
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Coal can, of vourse, conveniently and cheaply be obtained in this seetion. At Franklin the cost of *slack?
coal (ing refuse from the mines, much uvsed as fuel in generating steam) was stated to range ordinarily between
$1 25 and 81 40 per ton, delivered, while it sometimes lhas rveached as low figures as $10 or $12 per car-load. The
price of coarse coal, by the car-load, was given as 2 50 per ton, delivered (December, 1882),  Yet, notwithstanding
the cheapness of fuely the proprietors of the Venango mill were confident that, considering the cost of engincer
and fiveman, of coal, oil, insnranee, and other items, they sceured a more economieal power from the river than
they could from stoam,

Tuble of wtilized power on the Allegheny river and tridbutaries.
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Table of utilized power on the dllegheny river and tributaries—Continued.
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Table of utilized power on the Allegheny river and tributaries—Continued.
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Table of utilized power on the Alegheny river and tributaries—Continued,
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THIE MONONGAHELA RIVER.

The main river is formed in Marion county, in the northern part of West Virginia, by the union of its West
fork with the Tygart’s Valley rviver. It then pursues a winding eourse to tho northward for over 120 miles, entering
Pennsylvania and joining the Allegheny river at Pittsburgh to make up the Ohio. The drainage basin comprises 7,625
square miles, against 11,107 for the Allegheny, and lies prineipally in the states already mentioned, though including
also o small adjacent section of Maryland. The Monongahela drains part of the western slope of the Alleghany
mountaing, and tho eastern portion of its basin, especially about the upper waters of the Cheat river, is extremely
rugged, with little fertility. Passing to the westward across West Virginia, the country in time loses its strictly
mountainous appesrance, and though it continues clevated, presents extensive table-lands, not necessarily level,
but, ou the other hand, only moderately hilly and with rounded slopes. All this region was once heavily timbered,
but has been quite thoroughly cleared except about the upper waters of the principal streams. Poplar is found
well distributed ; there is also wueh oak along the upper course of the West forle, and it is said that in the district
tributary to the Cheat river thers is considerable wild eherry, as well ag spruce and hemlock, This upper portion of
‘West Virginia is o blue-grass region, and is therefore splendidly suited o grazing, It yields largely in corn, but
cattle-raising is the principal industry. Very little iror ore is found in the upper basin of the Monongalela, so far
as ascertained, except toward its eastern horder, but the variety of coal known as “Pittsburgh” ocears over the
greater part, and in the vicinity of TFairmount, near the bead of the main river, lies in four seams, of 11 feet, 5 feet,
and two of 4 feet thickness, vespectively. ,

Descending from the junction of the YWest fork with the Tygart’s Valley river, the first use of water-power ig
found at Tairmount, an important village 3 miles below located on high blnffs on the left bank of the river.
The latter is here crossed by a fine suspension bridge, and immediately under this is a low dam, not more than 4%
feet high, extending boldly up stream {from each shore, and made up of fonr straight sections. The river-bed in
this vicinity is mainly composed of sandstoune ledge rock, conl-seams also oceurring at points, and is covered more
or less with gravel, and finer material in the pools. The dam is a crib-work of the following construction: Two sills
cross the stream, resting on the bed; on the down-stream sill the face of the dam is carried up in say four courses
of timbers, each course secured by binders—saplings of less diameter—running to the up-stream sill and firmly
dovetailed to it. The face timbers break joints, and the binders do not come one above another, but are distributed
irregularly. The whole structure is thoroughly bolted together, and all interstices are closely packed with loose
rock. A fall of 4 or 44 feet is obtained, and is utilized on the right bank at Springer & Barnes’ 2-run flouring-
will. On the opposite bank there is also a small mill, not regularly run. Springer & Barnes count upon about
eight months of good grinding at their mill during the year, The dam is not tight, and for two months or so in
summer the mill is short of water, while for an equal length of time in winter the high stage of river prevents
running on account of the backwater. The stream is about 450 feet wide at Fairmount, and is subject to great

oscillations, having been known to rise, in extreme cases, 35 or 40 feet above the low-water surface belowsthc dam.,
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Table showing the fall in the Monongahela »iver and its principal tributaries.
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NoteElovations at points on thelines of {he Baltimore and Ohio railvoad wers furnished through the kindness of Mr. James L, Randolph, consnlting cngineer
of the company, ,

Trom Fairmount down to Morgantown, o distunce of Letween 20 and 25 miles, the fall in the rviver iy said to
average slightly over a foot to the mwile. The ¢« Big falls? and ¢ Little falls” indicated upon maps as occurring in
1his section, are described as not of any importanco as regards amount of descent; atthe former there is in low water
an abrupt piteh of a fook or two, while the “T.iittle fulls” consist of rapids located in a sharp bend of the stream.
Tower is nsed ab three points between Fairmowunt and Morgantown by small grist-mills obtaining their fall from
low dams rudely built of loose stones, -

Delow Morgantown the river is not utilized for water-power in manufacturing at any point, with the single
excoption of the dam at Port Lerry, near MeIleesport, where there is & saw-mill turning out about 1,000,000 feet of
lumber annually and employing 70 horse-power of wheels, In one sense navigation may be said to extend up the
river to Tairmount, inasmuch as during high water steamers bave occasionally ascended to that place. Dut the
only regular navigation oxtends, or will soon extend, to Morgantown, 102 miles above the mouth, and is made
possible by a series of dams ereating slack-water. The first suggestion of an improvement of the navigation of
the Monongahela by locks and dams is said to have been made in the report of a survey uncertaken for the state
by I8 1%, Gay, civil engineer, in 1828, Congress having declined the improvement of the river, by act of the state
assembly of Pennsylvania, of Marel 31, 1836, ¢The Monongahela Navigation Company ? was authorized to create
slack-water navigation to the Virginia line and as mucelh farther as the latter state might permit it to go. A survey
was made in the summer of 1838 under W. Milnor Roberts, with the following results: TFrom Pitisburgh to
Drownsville the distance was found to be about 65§ miles, and the aseent a little over 33§ fect ; from Brownsville
to the Virginia line a littlo over 35 miles, with an ascent of 41 feet. The company consiructed six dams, giving
navigation to Jacol’'s creek, $4 miles from Pittsburgl., At a point above, known as Ioard’s rocks, there was
completed by the United States government, during the fiscal year ending June 30, 1880, a lock and dany creating
slack-water to Morgantown., Two more dams were necessary in order to connect this navigation with that of the
lower river—oune at Jacol's creek, and a gecond between there and IToard’s rocks, at Laurel run.  In 1880 Congress
appropriated $25,000, and an equal amount in 1881, toward the necessary work at Laurel run, the second
appropriation being on the condition that the navigation company should give proper assurance that it wounld
construct the lock and dam at Jacob’s creek. This agsurance was given, and whenever the work shall have been
finished there will be continnons navigation from Pittsburgh to Morgantown,

From Pittsburgh to McKeesport, some 15 miles, the Monongahela is lined at short intervals by extensive ivon
furnaces and mills. It runs through this section in a narrvow valley, bluffs rising high on either side with varying
abroptness, At some points there seems to be searcely more than sufficient room left for the railroad which follows
the cast banlk, while again the hills slope more gently, or recede from the water, leaving stretches perhaps a quarter
of a mile wide of flat alluvial land which is under cultivation. Betieen the cities mentioned the navigation company

hias two of its dams, the rest being farther up the river, During mueh of the year there must evidently be alarge
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available power at these varions dams, but the company has all the business in connection with navigation that it
can attend to and does not wish to dispose of any water-power. None is now used except in operating the lock-
gates, and, as we have seen, by a single saw-mill at Port Perry,

In view of the uncommonly dangerous character of' this river as regards freshets and ice-runs, it may be of
value to give a Dbrief account of the navigation company’s dams. They are numbered in order ascending {rom
Pittsburgh, and have been thus deseribed: (a)

The dams are constracted of logs, squaring at least o foot, built up perpendiculurly from the bed of the river to near the water-level,
when they begin to slope on both bld(.s to the comb, after the manner of an old-time log eabin,  They are tied togother by eross-timbers
parallel with the line of the river, bolted to tho longitudinal timbers so as to form s nu.wml\, with interstices of 7 by 9 feet, filled with
stone, Their breadth at the base 1y about 65 feet; their deptl below the slopes, as originally built, is from 3 to 6 feot, though, by reason
of Dbreaches, they are now mueh deeper in p]ucw (1) Daws 1 and 2 run straight acrosy thoe rviver. No, 3 is in tluw btrmg,ht lines of
unequal length—the middle ono 260 feet, the othertwo aggregating about 420 fect—tho middle one heing at right angles withi the chanuel,
the others sloping from it downward to the shores, about 22 feet from tho line of 1hoe middle part. Dam No., 4 is 5, segment of a cu‘c,le—
about 605 feet in length—and curves up stream, having a versed aine of 156 feet, Dnms 5 and G are also segments of o cirele, with the
convex sitdes up stream, and are ecach about €00 fe(,b long. These, by reason of their inereased Leight, 13} and 14 feet, hinve the longest
slopes on the lower sides,  The others slope about cquullv above and below-—{rom 3 to 4 feet of slope to 1{oot of rise, They ave sheeted
above with douhle courses of ok plank, clogely Taid, 5 inches thick, spiked to the timbers, and covered with gravel. The sheeting helow
is of heavy oak timbers, ov spars, flattened to 8 mchcs and spiked to the erib-timbers,  Tho dars ave further secured ab their ends by high,
strong cribs filled with stone, and above by double comrses of heavy sheet-piles driven vertically into tho bed of thie river to sueh depth
as to secure anghorage to the entire strmtum. In some eases, since their eriginal constrnetion, pileshinve been driven in helow vertienlly,
and above slopingly. '

In gpite of the strength of the dawms on the 1\[011011“’1110LL they have frequently suffered dvring the heavy
freshets which sweep down theriver. In 1843, dam No. 1 was badly injured; in April, 1852, there were two freshets,
of seven days’ duration each, which entirely submerged the works and earried away the office-honses at dams Nos. &
and 3, and severely injured the locks; in May, 1856, about 200 fuet of dam No. 2 was swept ont; and in May, 1838,
there was a greater flood than that of 1‘353, but not attended by injury to the works. The {reshets thuy far
mentioned were not accompanied by ice, or they might have proved still more destruetive. In January, 1865, an
ice-freshet, which at the same time tore out two dams on the Youghiogheny, made grent havoe at dam No, 4; in 1867
there was a rise which earried out the heaviest ice of twenty years and did mueh harm to dams Nos. 2 and ¢ and to
the Jocks ab Nos, 4 and §; and in 1868 similar damage was caused at dam No, 2

As deseribed in the history already quoted from, written in 1873, the six dams met successively in aseending
from Pittsburgh had for their respective heights 8, 8, §, 10, 134, and 14 feet.  The heights ave stated now to remain
substantially the same, though they have been slightly inereased on the lower river
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TIHE YOUGHIOGIIINTY RIVER.

As regards extent of drainage basin, this stream ranks first among the tributaries of the Monong abela,
commnanding, as it does, the flowage from between 1,700 and 1,800 square miles of territory. Its source is about
30 miley south of the 1”umb) lvania line, and close upon the bouuchry between the extreme western portion of
Maryland and the adjoining county of l’rebton West Virginia. The North branch of the Potomae rises but a few
miles to the southward, on the opposite slopo’ of Great Savage mountain, IFor 35 miles, by direct line, the course

"

a History of The Monongakela Navigation Company, by an original stockbolder, 15873,
b It roquired more stono (14,207 cubie yards) and timbeér to repair the great bresck of May, 1868, in dam No. 2, than were used in
its oviginal construetion, by reagson of the washing out of thé bed of the river, which is generally an incompact conglomoerate of sand and
rounded gravel. The breach of 1843 required to i1l it, in the language of Mr. Lothrop, the engineer, ‘an jimwense mass of timber and
stone that no power can remove’, And generally, iff not uniformly, sueh repairs have never had to be repeated.”
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of fhie stream is almost due north, following the valley between Negro mountain on the cast and the Biiery
mountains on the west, Six or 8 miles north of the Pennsylvania boundary the direction of flow changes to
the northwest, carrying the river successively across Laurel hill and Lauarel ridge, and on to its junction with the
Monongaliela, which is cffected at MeKeesport, some 15 wiles above Pittsburgh. Measured by general course, the
Youghiogheny hias a length of about 85 miles. Much of the upper basin presents a very rugged surface and is well
wooded. There is some rafting on the stream, but it iy small in amount, Violent freshets occur, often aggravated
by heavy runs of ice. At Connellsville it was stated that the common thickness of the ice, as it breaks up there
at the close of winter, is about 12 inches; and thab it seews to go out before the snow has melted very much in the
mountains, not infrequently during a rather low stage of river, followed soon after by a rise {rom tho mountains,
In the middle of December, 1882, the river having fallen considerably within a few days, it was noticed by the author
that in a narrow portion of the course a few miles below Connellsville ice was lieaped up 5 or G feet Ligh on either
side near and upon the banks, and it was apparent that daving the heavier breakings up ab the end of tho season tho
stream must often be an excecdingly diffieult one to control. The principal freshet, with reference to the volume
of water, is usnally in June, and is caused by heavy rains; there is also a considerable rise in September, At
such times mueh floating drifs is brought down the stream. About the timo when slack-water navigation was
created on the Monongaliela it was also extended up the Youghiogheny, by means of two dams and locks, as far as
West Newton, 18 miles from the mouth, and much assistance was expected to tho traflic on the main river, The
expectation was not realized, however. The dams lasted but fourteen years, with lJong intervals of usclessness for
raut of repairs, and a great ice-flood in January, 1865, put an end to them, The charter of the company owning
them is said to have since Lecome extinet. It is stated that at present there is navigation for eraft of T feet
draught 4 miles above the mouth, and, except in extreme low water, 3 miles farther for those of not over 8 feet
dranght. Coal, coke, and other freight are Drought by rail, and reshipped by water at the highest navigable point.
McIeesport, ab the mouth of the river, is an important place of 8,000 inhabitants. Thence to Connellsville,
about 40 miles, the Youghiogheny lies in a very narrow valley, shut in by high wooded bhills, At times these rise
abruptly from the water, and the railroad cuts reveal roeky strata; again they are less steep, and also leave a
narrow strip of fertile land along the stream, cultivated for corn or other grain. The valley is in general too
contracted to admit of extensive settlements. West Newton appears to be the principal place before reaching
Connellsville, and has o population of 1,600; aside from this there are only small elusters of houses and the
straggling, wretched-appearing quarters of the mining classes. The great industries of this valley are coal-mining
and the burning of coke. Along the lower river the harder variety of Lituminous coal is obtained, but in the
vieinity of Conmpellsville a softer kind is mined and burned, or roasted, into coke, which is shipped away and
extensively used in blast-furnaces. Long lines of the coke-ovens are to he seen near the river, while others streteh
off among the hills, along short spurlines of railroad. The Baltimore and Ohijo railroad follows closely up the right
or east bank, and in the winter of 1882-'83 a new line was being constructed on the opposite bank, designed, as it
ras said, to penetrate the eoke region, and having for a northern connection the Pittsburgh and Lake Trie railvoad,
The only dam which was observed on this part of thoe river was at Port Royal, about half way between MeIKeesport
and Connellsyille; it was a Jow affair, with apparently but 1 or 2 feet of fall, and at one end was o distillery, where
a small power might hiave been used, The width of the stream is quite irvegular.  Ripples appear now and then,
where the depth is shallow and the eurrent swift, and within a few miles of Connellsville there are one or two gravel
shoals on which there is & moderate descent, but no rapids of any especial importance are encountered,

Estimate of power at Connellsrille.
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Connellsville is a borough of 3,600 inhabitants and is attractively located upon the river’s bank. The hills which
inclose the valley here recede from the stream, but at a distance they are to be seen rising, one ridge after another,
high and thickly covered with timber. The river is at this point 250 or 300 feet wide, and ig utilized to o small extent
for power. A low wing-dam of logs and stone, with a facing of planks on the inshore side, extends some distance
up stream parallel to the left bank and then out into the river. It is estimated to have cost at least $8,000, and
diverts sufficient water so that, with the head of 5 feet gained by the fall in the river, power is furnished for
operating steadily a small 2.run flonring-mill, the only interruption being an occasional stoppage of a day or two
from high water. Ice causes more or less injury to the dam every year, and an average of perhaps $200 has to be

spent in repairs, Opposite the hiead of the wing-dam a projecling point of land turns a portion of the flow of the
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river to the right bank, where it is employed by a small flouring-mill and a planing-mill, but it is insufficient for
their needs in low stages of water, Quite a heavy draught is said to be made upon the low-water volame of the
stream, at a point a wile or so above, by a pump for supplying coke-ovens.

Ascending from Connellsville, the Youghiogheny soon assumes, and maintains to Falls City at least, 16 miles
above, the characteristic features of a mountain stream. It is narvow and swift, almost a constant suceession of
ripples and rapids, many of them with heavy fall, and smooth water is exceptional.(a) Immense bowlders appear
heresand there in the stream and on the banks, and solid rock ledges are cxposed at many points in the latter.
High wooded hills rise on either hand, frequently with great abruptness from the water’s edge, and never leaving a
strip of meadow more than 100 or 200 feet wide. Indian creek enters from the east, and is the largest tributary in
this section.’ :

At Falls City, 56 miles by river above the mouth, oceur the famous “Ohio Pile” (D) falls, where, by its rapid
descent around a remarkable bend, the Youghiogheny offers a {fine water-power, which is already partially utilized.
In 1825 o commission, cousisting of Colonel V. Mcllee, Colonel Roswell Lee, and Major George Taleott, was
appointed by the United States government to select “a site for a national armory on the western waters”, and it
may be interesting to quote a portion of their report bearing upon the site at these falls:(e)

Thoe Youghiogleny river at thig 1)i41c0 wakes o eirenit of nearly 2 miles avound o neek or tongne of land, about threo-guarters of
a milo in length, that projects from the foot of a mountain in its vear. At tho upper side of this tongne, and near the extreme point of
the mountain, is the commencement of the Ohio Pilo rapids and falls, which terminate at the lower sido opposito the point at which they
hegin, and (00 yardy distant from it in o steaight line.  The whole descont is 87 feot,  The ground en the lower side, next tho foot of
tho rapids, is advantageonsly disposed in steps or benehies of guflivient widih and at conveniont distances below eacl other for the erection
of buildings, and tho suceessive application of the water to machinery in any mannor that may be desived,  Forty feet of tho whole fall
may thus be employed at o triflling cxpense,  The hank then becomes steep and perpendicular, and the remaining part of the fall could
uot be conveniently used without extensive rock excavation, To convey the water to this site from above the falls will reguire a cannl
of 700 fect in length, The fivst 400 feet will pass throvgh o strip ol viver bottom, The deepest cubting along tho whole route is 30 feot,
and ocenrs in passing o narrow ridge near the middle of the ueck, consisting prineipally, as is supposed, of vock., A dam 4 feet high
neross the river will bo necessary to procure & dopth of water at the hiend of the eanal suflicient to prevent it frombeing ¢hoked with ice,
or obstrueted Ly duift of any kind, The quantity of water which the river furnished ab this place during an extremely dry season perhaps
exceeded 100 eubie feet per second during the uncommon dronght of 1823, 1 wo regard the site of these {alls, in reference to thoe security
of the works that must be erected upon it from freshetr, the perfect command of ity water-power, and the cheapness with which it may
be employed, it surpasses any that has ever come under onr observation.

The river ig ere 150 or 200 feet wide. Within a few hundred feet it accomplishes o deseent stated as 34 feet,
and wainly included in abrupt pitches over masses of solid rock, In the banks are outcropping ledges of hard
sandstone and conglomerate, and at points were noticed layers of sandstone inclined at a considerable angle and
covered by horizontal strata. At the head of the falls a low dam crosses the river in a somewhat irvegular line,
arching well up stream; it is a log structure covered with planking, and is 400 feet in length, with the natural
abutment afforded by a high rocky bank on the right, while at the opposite end ig a timber and stone erib-work.
TFrom the latter point a flume conveys water perhaps 850 or 400 feet down the bauk to . W, Hartzells wood-
pulp mill, where a fall of something over 30 feet and 350 hovse-power of whecls are in use; immediately adjoining,
power iz also employed in a 3-run flonring-mill with about the same fall. In somo years there is thronghout
sufficient water for the full sapply of these milly, and My, Hartzell was of opinion that if the whole flow of the
river were utilized it would prove adequate in all ordinary years, but the dam is not tight and allows considerable
waste, so that at times the power at the mills is curtailed. .

Dstimate of porwer at the Ohio Pile fulls,

RAINFALL ON BASIN, | J:"‘l(?c}x‘}:{)r Tffective
Staye of viver. - Drafnager oo "Theoretical horse-power, liorso-pover
5 | : are | eot of whoevls
Spring.: Sumamer, LAutumm, [ Winter, | Year, lioars. inuge.
} B
Inchee.t Inches, ] Inches. | Inchos. || Tnches, | Sq. ntiles, | Cubie feet.d L faot full, | 84 feet full. | 40 foet fall, 157& Jeet fall.
Low wator, dry yoar coeeevenrsenn. 1 ( 100 1.4 800 400 1,000
Low waler, average Year.eeeeeooo. 10 12 9 8 a0 1,07L- 150 1.0 580 680 1,490 3804
Available 10 months, averago year. . J l 250 28, 4 o | 1, 140 v 2,400

Falls City is 74 miles from Pittsburgh, on the Pittsburgh division of the Baltimore and Ohio railroad, and is
only a small village, The prevailing timber in the vieinity is hard wood, but spruce, poplar, and liun, all soft
woods and suited to the manunfacture of pulp, are also found in abundance, The water-privilege which has been
described, together with a large tract of land in the vieinity, is said to bo owned by the heiss of the late Andrew
Stewart, of Washington, and to be under the control of Mr. D. 8. Stewart, of that city, acting as attorney, The

« Between the erossing by the Baltimore and Ohio railroad near Oakland, Maryland, and that by its Fayette Connty branch near
Connellsville, Pennsylvanin, this stream has a fall of 1,458 feet, or an averago for the whels distance of not far from €7 feet per mila,

b Bupposed to be an Indian name signifying “heautiful falls”,

¢ From Iistory of Fayettc Counly.
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site is close by the railroad, and the {ull development of the fall would evidently furnish an important power,
Mr. Hartzell holds part of the privilege, however, under lease, for the benefit of his pulp-works, and if water were
diverted from above his dam across the neck of land in order to improve the entire fall, his rights would require
to be purchased.

Above Talls City, up to Confluence, 8 or 10 miles beyond, the Youghiogheny appears vather loss rough than
below. There are still numerous rapids, but the fall is on the whole not so great, and there are some long siretches
of comparatively smooth water. The valley, also, though very narrow in places, is yet generally more open than
below Falls City. At Confluence the railvoad branches off and follows up Castleman’s river, which in point of
drainage area is larger than the main stream above their junction. In general features {he two streams are similar.
The surrounding country, the flowage from which they receive, is very mountainous, with steep timbered slopes.
No improvement of the main stream for power above the QOhio Pile falls was observed, and but one dam on Castleman’s
viver, a few miles from the mouth,

THE CUEAT RIVER,

Across the eastern part of Randelph county, West Virginia, four forks, known respectively as the Shaver's or
Main fork, Glade, Laurel, and Dry forks, flow in a northerly direetion, and, suecessively combining in the southern
part of Tucker county, form the main Clieat viver, This then follows a somewhat ivregular course to the north, and
then northwest, passing from Tucker county throngh Preston and a corner of Monongalia, after which it crosses
the state boundary into Pennsylvania, and ruuning about 4 miles farther joins the Monongahela river. In extent
of drainage basin it ranks second among the tributavies of that river, its basin ineluding 1,559 square miles, Jrom
the head of the Main forls, the extremo source of which is in Pocahontas county, the distance Dy general conrse
to the Monongahela is 100 miles, The head forks run in narrow valleys between parallel ranges of mountains, and
are only 2 or 3 miles distant from one another, while the main river, like the Youghiogheny, ents in turn across the
Briery and Laure] ITill ranges.

The section of country drained Ly the Cheat viver is in general rough and monntainous, espeeially wild toward
the upper waters, sparscly getiled, and but little cultivated. At Rowlesburg, avillage of 4060 inhabitants, the main
lino of the Bultimore and Ohio railroad crosses the river, bub at no other point is it accessible by railvoud,  The
upper basin is Leavily timbered with spruce and hemlock, but the only cutting is of poplar, which is obtained
prineipally in Randolph county, driven or rafted down to Rowlesburg, there sawed by steam-power aud shipped
by rail to castern markets,  About 4,000,000 feet of Tumber is estimated to be sawed yearly, the work being cuvried
on by three concerns, of whielr the largest is the firm of Eberly, Hinkle, & Co.  There is said to be no sawing at any
other points on theriver.  On the upper forks theve ave a few small flonving and grist-mills that do all the grinding
for which there Is any demand, and a mile or two below Saint George there is reported to be a small mill on the
main stream, but no power is utilized anywhere below. Nevertheless, the river is deseribed as well suited to use
for water-power if there were demand for such improvement.  The deseent is rapid throughont, and especially in
the “narrows®, in which it cuts through the mountaing below Rowlesburg, which is regarded as the most rapid
portion of its course. I'vrom Rowlesburg to the mouth ihe total fall is about 540 feet, averaging about 14 feet
to the mile. The fall iy usually in rapids and vipples joining long eddies or pools. 'The current is very switt,
so much so that it is diffienlt to hold logs in hoows, and this has been the chief obstacle in the wa Yy of more extensive
lumbering operations on theviver, It iy considered a fine stream fop log-driving and rafting, except in one feature,
and that is its obstruetion by many large Lowlders,

The valley is, in general, narvow and deep, hemmed in by high mouuntaing with steep rugeed slopes. 1lere
and there, however, these open out and inclose a fertile intervale off farming land.  Buch an intervale may be seen
just below Rowlesburg from the Baltimore and Ohio railroad opposite, and there s said to be another large opening,
a conple of miles more ov less in extent, near Saint George. As o rule, the viver-bed is composed of ledge rock,
probably sandstone, a variety of which, known as “Cheat River bluestone”,(¢) has been extensively guarried at

rowlesburg, shipped to Baltimore, and used in several prominent buildings, At the Jocality mentioned {he Cheat
averages about 250 feet in width. Xt rises rapidly, but not very high, and ardly reaches its lieight Lefore it begins
to fecede as quickly as it rose. Mr. Eberly, of the tirm of Eberly, Hinkle, & Co., gave the ordinary rise at
Rowlesburg as only about & fect above extreme low water, and stated that he had never known a freshet there
of more than 7 feet, except in one instance, when a height of 10 feet was reached. The stream is sometimes
visited by sudden and extraordinarily rapid fluctuations, and is also very deceptive, in accordance with its name
«of “Cheat”, There may Le o heavy Tain in the country about Rowlesburg without the river’s being apparently at
all affected; while, again, with the weather fine theve, a local storm at some point above will produce a quick and
fmportant rise. This action may deubtless be explained by the steep mountainous slopes at the head-waters
apidly shedding the rains of heavy showers into the water-courses, and by the fact that the drainage basin is also
rather more expanded there than below, The river runs very low in the dry season, amd sometimes continnes so
for a couple of months,

¢ Inthe vielnity of Rowlesburg the prevailing rock is deseribed ns Deing sandstene, mostly red and gray in color. The bluestono
is o compnet blne sandstone, easily worked aud taking o fine finish. It has heen used at Baltimore in the oflice buildings of the Baltimore
and Ohio railread, in the Johns Hopling Liospital, and for other structuros.
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Iistimate of power at Rowlesburg.

LAINFALL ON BARBIN.{0) Flow DT Imheorotical
Stage of river Drainage sf\hg{):;lxé 10186
§ “i = | e g g | pgver per

Spring. 1 Swmmer, | Autumn, | Winter. ] Yoo, lonrs. 00t dall.

Inches, | Imches, | Inches, | Inches, ’ Inches. § Sq. wndles. | Cuble foet,

i q

Low wator, AUy Fear cuvvvennueenenanns l ‘ " 00 10.2
Low water, AVerngo yeal.ccuaeawainnas 10 12 9 9 | 40 01,006 150 14.8
Available 10 months, avernge year.... J | i 1 2450 28,4

o The rainfall records for tho Monoengahela basin are very fow in number, and the figures hore assumed ave to he regarded as only roughly approximate,
b Below Salt Lick ereck.

THYE TYGARTS VALLEY RIVELR,

This stream takes its rise o few miles northwesterly from the hiead of the main fork of the Cheat river, near the
extreme sounthiern boundary of Randolph county. Itflows northerly through the county, skirting the eastern slope of
Rieh mountain, then cuts across the ridge, and traverses in suceession the counties of Barbour, Taylor, and a.portion
of Marion, uniting in the latter with the West fork of the Monongahela. Neglecting the minor bends, the Tygart’s
Valley viver has a length of 75 miles, Its drainage basin containg 1,367 square miles, and varies in general in
width between 18 and 80 miles, Trom Grafton to the mouth, a distancoe whichh by map measurement appears to
be abont 18 miles, the right bank of the stream is closely followed by the Baltimore and Ohio railroad, which
crosses at the mouth, and at Fairmount, o littlo beyond, furns abruptly to the west on its way to Wheeling.
In the winter of 1882’83 a narvow.gauge railroad way also being construeted from Grafton up the river toward
Philippi, which lies about 15 miles due south; but above the latter point tho valley is not accessible by railroad.
The town of Grafton has a population of 3,000, and is the only place of wueh importance on the stream, A few
miles above thal locality heavy rapids are said to begin, the course 1ying for o number of wiles in a narrow valley,
and the viver very rough all the way. At Grafton there is a smooth, strong carrent, the width betweon banks
being 275 or 800 feet, Thence to the mouth the stream lies between high hills which ave partinlly wooded, At times
their outlines are well rounded, but again they rise precipitonsly with roeky sides. Whero the hill-slopes are
gentle there is some cultivation, but thero is searcely any bottom-land. A mile or two below Grafton there is a
considerable shoal, though short, The flow then coutinues smooth but strong for perhaps half a dozen miles, to
Valley Talls, when the charvacter of the stream suddenly changes, It narrows down, and deseends rapidly over a

rocky bed in sunccessive shorbt pitehes occurring at intervaly of o fow hundred feet through a total distance of

between 1 and 2 miles, Thence to the mouth the fall is less rapid, but there are frequent ripples and shoals.  The
water of the stream is of a decidedly greenish color, in marked contrast to that of the West forlk, which was
observed to be of a reddish muddy appearance, the line being sharply drawn between the waters of the two for
some distance below their junction. ,

Between Grafton and the mouth of the viver there ave four dams—one at Valley Falls, and the other three at
points below ; these latter are low affairs, in one case o mere wing running out to an island, and {he use of power,
by small grist-mills, is insignificant. The privilege at Valley Xalls, some 7 or 8 miles below Grafton, is a fine one,
not only from the amount of available fall, but also because of the seenrity and convenienee of the site for building.
Two abrupt pitehes over ledges of sandstone rock occur heve in a distance.of 200 feet, with a third, less sudden, a
little way below. A hill rises steeply on the left, while the opposite bank presents an open space, with a gentle
ascent toward the railroad, which is close at hand. At the head of the falls a low framed dam extends across in
an irregular line, and a wing running parallet to the right bank diverts water to a saw-mill 300 or 400 feet below.
This mill is owned by Theodore Bush & Co., and contains a 62-in¢h cirenlar saw, and stave machinery; a little
power is also employed for a 2-run grist-mill, From the water-surface above the dam to the 1_)001 opposite the
tailrace the fall is about 26 feet. An additional fall of 15 feet could Le gained by extending the head-race 500
feet farther, but the extension would have to be carried through a vocky bank., The available power of the
privilege may be estimated as below:

Bstimate of power at Valley Falls,

e erere ]

et 3
RAYNTALY, ON BASIN, ‘ Flow por : Llf}:;::;vo

seCOn¢ S0
Dralnage | BUeobt hoanratt YO s of

G Avor Lo retical hprse-power. power o
Staga of river. - R o 13: (tll :,(531 Tl eo: al horse-p ower o

Spring. | Summer. [ Auntumn, | Winter. Year, Lours, . i1 nse.

Inches, | Inches. | Inches. | Imches. | Imches. | Sq.miles, | Cublefeet. | 1 footfall. | 26 feet fall. 40 fect fall,

Low water, dry year..eevrscvrenenancuens [ 100 1.4 200 :100 l
Low waler, average YOar cueeeevevaneasns } 10} 12 8% 10 41 1,320 170 10.8 500 770 J 504
Available 10 months, Averago year..o.... 1 280 31.8 830 1,270

479



"
H
"

"
1

28 WATER-POWER OF TIHE UNITED STATES.

In years past there has been much rafting of hewn timber on this river, but the amount is said to be falling
off, DPoplar and oalk are the prineipal varieties of trees now cut, the logs b(‘lll" driven dovwn from the upper waters
and sawed abt various points along the course, usually by stemm-power. There is a large amount of sawing done
at Grafton and vieinity; and at Bush & CoJs mill at Valley Falls about 3,000 logs were eut during 1882, furnishing
an average of 300 or 400 feot of lumber cach,

TIE WEST FORK OF THI MONONGAUBLLA RIVER,

Rising in the western part of Upshur county, the West fork, the only remaining important tributary of the
Monongahela to be deseribed, passes westerly into Lowis county, and then by a general northerly course through
Harrison county and into Mariof, whero it joing the Tygart's Valley viver,  Its length is about 60 miles, measured
along the general divection of flow, and the drainage aveais 9838 square miles, the stream ranking in extent of basin
fourth among ihe tributaries of the Monongahela,  The Baltimore and Ohio railroad erosses atb Clarkshurg, and a
short narrow-gange lne runs from that point up the valley to Weston, about 20 miles distant,  Other portions of
the valley are without direet railvoad communication.  The 1)1:1(,0«*. above mentioned ave the prineipal ones on the
stream, the town of Clarksburg having in 1880 o population of 2,300, and that of Weston 1,500, ‘I'he former is a
seatteringly-built town, with littlo manufheluring and appavently 11(11(\ wealtl,  The country drained by the West
fork is mainly an agricnltural seetion, with wheat; and covn for its chief prodoctions, The soil, in Harrison county
at least, is largely elay and lime, the ]11]]-‘4 and bottoms hoth productive, the former especially .ulapted to the raising
of whent, The timber has been generally eleared away, exvept ahout tlm head-waters of the river, where important
amounts of oalk and poplar remain ;. poplar is the only kind of timber, however, of which very muel is cut at present,
the logs being driven down stream, sawed, and the lumber shi]:ped by ruil to be employed in the manufacture of
furniture, sashes, doors, blinds, and other articles. No iron worth mentioning is found ; but the hills and mountaing
abound in coal, which is mined to o eonsiderable extent. Thero is but o moderate amount of coke-burning, and
Tarrison county is said to contain not more than 50 or 60 ovens,

At Clarksburg the river is 176 feet wide, 16 is deseribed as having generally in that portion of its course n
bed of solid ledge rock, mostly & hard blue sandstone,  The banks are usually of good height, composed of elay and
loam, with sometimes o little gravel, and are but little overflowed during freshets.  There is o good current, with
frequent rapids, but theve are no abrupt natural falls,  Within wshort distance from the mouth there is said tobea
saw-mill, and ab intervals above power is also utilized by small flonving-millg, having in most cages about two runs
of stones and cwploying low falls of from 3 or 4 up to 7 feet.  There ave eight or ten powers in use, altogoether, below
Weston, or in say 35 or 40 miles of general course from the mouth. At Clarksburg a fall of 7 feet is used by John
R, Bteel for w flouring- and saw.mill, the former containing three pairs of buhr-stones, and the latter a 60-dnch
cireular saw, Tower is taken from {wo waterowheels estimated to furnish together GO horse-power or wmore,
About 2,500 logs wore sawed at this mill in 1882, averaging 300 or 400 feet per log.  The dam is o framed strmcture,
12 feet wide ab the buse, fvom 7 to O feet high, and with 244 feat length of overflow, It was built part in 1867 and
part in 18710 The fuco is enrrvied up vertieally and made ¢lose with thobers, the interior of the whole structure
Leing compaetly filled with rock, A sheeting of onl plants, from 14 to 24 inches thick, covers the dam, which rests
upon and is bolted to a bed of solid voek, A chute 43 feet wide and 60 feet long permits the passage of logs down
stream. At dne end of the dam is the mill, while the opposite end is protected by & erib-work abutment 18 by 30
feet in plan. At other points on the river the dumns are said o Le Luilt variously of stone, hewn timber, and logs,
and to stand well, )

Listimade of power at Clarksburg,
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For Steels mill the supply of water is commonly suflieient nine months in the year for running at full capacity,
but during the rest of {he time steam has to be relied upon,  The stream does not often get very low before June,
and in some years no shortage oceurs at all, while in others it oxists for as long & time as fonr or even six months,
covering most of the period between April and November, The country drained is subject to heavy dronghts,
which appear to have been aggravated by the general elearing away of timber from the surface, and is not supplied
with good springs. During times of unusual scarcity the stream can even be erossed dry- %hod at Clarksburg, and
the use of water-power has to be entively abandoned, Not much snow falls in this section, and a depth of 8 or 10

inches is seldom execeded, even in very rare instances, e has been known to form 18 inches thick at Clarksburg,
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but commonly it does not reach a greater thickness than 6 or 8 inches, and in some winters there is scarcely any.
The West fork is visited by a freshet in April, sometimes by one in June, and important rises ave liable to come,
now and then, in almost any of the other months of the year; in faet, the phenomena of snow, ice, and rain are all
very irregular in their appearance and extent.
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Table of utilized power on the Monongahels river and tributaries.
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Table of utilized power on the Monongahele river and tridutaries—Continued.
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THE BEBAVER RIVER.

This stream may be regarded as formed at the city of New Castle, in Lawrence county, western Pennsylvania,
by the union of two tributaries, the Shenango and Neshannock vivers,  This junction is about 40 miles northwesterly
from Pittsburgh and within 8 miles of the Ohio boundary. Trom New Castle the course of flow is sontherly, passing
over a distance probably amounting, if the bends be closely followed, to about 30 miles, and joining the Ohio river
at Deaver, )Qb]ﬂ(‘-‘a the tributaries alves ady mentioned, which come from the northward through Mercer and
Crawford counties, the main stream receives from {he west, within a short distance below New Castle, the Mahoning
river, which druns portions of several of the northeastern counties of Ohio.  About midway bebween the mouth
of the Mahoning and the Olio river Conoquenessing creek enters from the east, and iy the last important
aftluent,

Drainage areas.
Squaro miles,

-
Shenango river at Now Castlo ceees corenrvaanarnon... e te tr e semees tesnmr i enaaes e v e 765
Neshannotk river ot Bew Castlo. .. oo i i it ittt e e m e et eett vam e st ciaes ceaennns 235
Mahoning piver b mMOTLI L oo it i crm et caca e e cmvne ras e mcmme camamnnnannan e ieeas emeaaaes 1,072
Conoguenessing creel at mouth ..o, .. .. et m e eae s e e e aemeh aaeemanseaaas s . 810
Deaver river at New Castlo, below junction of Shenango and Neshaunoek rivers. coeeos cone iietiiinns vrmnes 1,000
Beaver Tiver Delow Malloning BIvor . c v e i ea i it it tr e rea cees e m e et amaar 2, 005
Beaver river below Conoquenessing ereelt . .ovo n o o oot i it s i e e et s eea e ima s 2,964
Beaver river ab mouth ..o .ol ia. e e m e e e Me et mead maeemeaaneenanaan F e e mma e e 3, 030

Tho territory embraced within the water-shed lines of the Beaver 11\’01‘, amounting, as shown in the preceding
statement, to 3,030 square miles, has valuable deposits of coal and iron, is but moderately timbered, and possesses
in general a ﬂa.t or gently-rolling surface. The city of New Castle, at the head of the main river, is an important
place, with a population in 1880 of 8,400, and has large ivon furnaces. Ior a mile or two below, the valley appears
to range between a quarter and a half mile in width, the river-banks being low and succeeded by wide cultivated
flats. 'l‘he valley then contracts and countinues narrow down to Beaver Fallg, with high hills rising abruptly from
the stream. Through this section the space is too narrow for the convenient location of villages even, and none
of importance are encountered; but within 4 miles of the mouth the banks become quite thickly settled, and
we find sunccessively the boroughs of Beaver Falls, with 5,100 inlrabitants; New Brighton, 3,700; and, at the
junetion with the Ohio, Rochester on the east and Leaver on the west bank, baving popu]atmns, respectively, of
2,600 and 1,200,

The Pittsburgh, Fort Wagyne, and Chicago, and the Erie and Pittsburgh railroads follow the main river closely,
the former ascending for about 9 miles from the mouth, while the latter continues to New Castle and thence up the

Shenango river, The Neshannock and Mahoning branches are also closely skirted by railway lines, giving easy
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communication in nearly all directions. Years ago the Beaver river possessed a system of slack-water navigation
extending from the Olio river up to New Castle, and from that point eonnection was had with lalke Lirie through
the Erie canal of Penngylvania, which followed up the valley of Shenango creek, crossed the water-shed, and
descending the valley of Conneaut creek passed on northeasterly to the city of Brie. This navigation roule no
longer exists, however; the canal has been abandoned, and the only dam between New Castle and Beaver Falls is
shortly below the former point.

According to a report made in December, 1867, by W. Milunor Roberts, the fall from the head of New Castle paol
to low water in the Ohio river is 129 feet.(¢) By the clevations obtained in connection with the second geologicat
survey of the state the full appears as 133 feet, DBut of this amount 52 feet, or about 40 per cent., ocenrs within
the 4 miles from the erest of the Beaver Falls dam to the mouth of the river,leaving the balance of 80 feet, more or
less, to be distributed over say 25 miles above, in which the average deseent is therefore hut little over 3 feet per
mile. Substantially all of the 52 feet of fall mentioned is included within three privileges: that at Beaver Ifalls,
covering 19 or 20 feet; asecond, 1or 2 miles below, supplying mills Doth on the New Brighton side and at Fallston,
on the opposite bank, and embracing a fall of 16 or 18 feet; and a third at Bridgewater, near the moutly, with o fall
of 12 feet, The latter privilege is not utilized for power, and the owners, Messrs. Minor & Co,, and M. T, & S,
Kennedy, of Fallston, would not willingly lose control, as they depend upon it for Jlocking up rafts from the Ohio river
to their mills, This lower portion of the Beaver river is under the influence of freshet backwater from the Ohio,
which sometimes causes a rise of 25 or 80 feet below the New Brighton dam, submerges that structure nuder 10 or
15 feet of water, and at Trallston at least overflows the banks and enters the mills, Serious trouble from backwater
lasts from two or three days to one or two weeks. Notwithstanding the qnite expensive nature of the improvements
at Beaver Falls and New Brighton, the danger and hinderanco arising from floods, and the fact that coal can easily
and cheaply Le obtained, the manufacturers seem well satisfied with their hydraunlic power, and consider it more
economical for their purposes than steam,

Tuable of elevations on the Beaver river and {ts prinetpal tributarics.(a)

Approxi.
) mnto Altitude
Stremn, Locality, distaneo nhove Remarks.
S from joeennslevel.
| mouth. ()
N " . | ) -
‘ | Mils TFeed.
Neshannoek viver...o.o..... ITope Millse e veeivinenieianenn 18.5 1,107 (Elevition of radls ot statlon Ly levels of Qi1 City and Chicago railvond.
T Neshunnock Falla.ccoovaniinnna 0.0 002 Do.
.| Nuw Castle (mouth of viver).... 0,0 799 | Water-snrfuee in New Gnstle pool,
TUMCALNWIL vt cvevenimnseconans 52,4 070 | Blevation of ratla of the Erlo and Pittsburgh railroad at crossing of the Frank-
lin division of the Lake Shore and Michigan Soathern raflroad,
SIODADEO cesetr et vvmras vraan 45,0 941 | Elevation of rails ab statfon by levels ol Erie and Pittgburgh railrond,
o BIHTPON e i cimiri e 2.7 853 Do,
New Castle (moutl of river).... 0.0 740 1 Wuatev-surfhes in Now Castle pool,
Muhouming viver.coooaooaia. Winren, Oho..noaneenns eeene 35,0 875 | Elevation of rails at station by levels of Ashtabula and Pittaburgh vailrond.
Doooviaeen, Malhonington (o) T80 Do,
Deaver HYer. cowsvvnnaenen, Now Castlo s oo vanivennnaniinnn, 30,04 700 | Water-savfnee in pool, .
D0tnycainnrsaneiinnes Mouth eesvenrnnnne- pamanraeanaa 0.0 6668 | Low water in Ohie viver. W, Milnor Roberts' report of 1870 gives tho elova.
tion ns 87107 foet,

-~ Elovations taken fram roport on Tevels ahove Tide, Second Geoluyical Survey of Penasyleanic.
b By map messuremont,
¢ Closo by mouth,

From New Castle down to Beaver Falls the river appears to average as much as 300 feet in width,  The dam
ab the latter point is a fine structure of timber, running straight across the stream, with masonry abutments,
vertical face, and no apron; it is about 15 feet high and probably 500 or 600 feet in length. The river-bed is rocky,
and rapids extend below the dam, Daring the period when the Beaver was utilized for navigation, boats passed

" through a lock and canal at the east end of the dam, and water is still conveyed some distance down that hank to

a flouring-mill; but with that exception the power of the privilege is owned and employed on the Beaver Falls or
west bank,  Water is adinitted to a hydraulic race through a substantial timber bulkhead, in which there are five
gate-openings, each 54 feet wide. Each gate is hung by two chains passing over a wooden axle, which is turned
by lever-Dars and leld in place by a ratehet, The fall of this privilege varies somewhat at the different mills,

“but, as nearly as could be ascertained, amounts to between 19 and 20 feet ab the foot of the race. The manufacturing

sustained is quite extensive, the largest concerns using power being the Pittsburgh Hinge Company; manufacturing
mainly chain and wire, the Beaver Falls Steel Works, and the Beaver Falls Cutlery Company; power is also
employed by three planing-mills, a flouring-mill, & pottery, and the borough water-works. The entire power on the
race is nominally divided into 200 equal shares, and the oversight of repairs, adjustment of gauge-boards, and
other similar duties are intrusted to a committee of the mannfacturers. There is commonly a sufficient supply of

@ Report to the President and Managers of the Iivie Canal Company, of Peansylrania, 165
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water for all demands, even in a low summer stage, but in exceptionally dry years a shortage has been known to
exist for three or four weeks., Ice gives no trouble here of consequence, but the stream is & wild one during
freshets, and in an extreme case there has been a depth of 7 feet of water on the dam, the adjoining bank hd\‘mg
been submerged at the time. In an ordinary rise, however, there is seldom more {han 3 or < feet of water rouning
over the dam. :

Estimate of power at Beaver Talls,

BAINFALL ON DABIN, Flow por

i
| cond, . ; l
. Drainage secont I"heoratieal horae- Yoy
Btage of river. i e R )’a“l.le);l"o fm Otllﬂk,‘('\l PUWET, ]l\‘\\\ \il of
i . Doayre - * or the Whiewls |
» ‘s A LW aar, P
l Spring. | Smnmer. 14 utunmm I WVinter. || Yoear Tiowrs, uar,

Inehes. \ Inches. | Inches. ‘ Inches. | Inches, | Sq. miles. | Cubic fect. 1fuaf full. 1'!fmlfall.1\i

|
1
i
|
|
|
;

Low water, dry year . covieoiirieicaninenasnennns [ 300 441 i Ban l
Low water, average year Q% 1 10 £} 89 2,004 450 5L 470 v @ A0 4
Availablo 10 monthis, average year oo .. .. . ‘ \ l 700 0.0 l 1,510 ) \[

a Hettans not complete,

The next dam is a mile or more below the one just described. At the road-Lridge between thoe two the river
Lias a width of about 450 feet. The bed continues rocky, but loses this character a little Lelow the New Brighton
dam, and is said to Lo then composed of gravel and bowlders to a great depth, In construction the dam at New
erhton is deseribed as similar to that ab Beaver Tralls, it being a timber structure with o height of about 15 feet.
There are really three dams in place, cach bhaving been built a little below and a little higher than the previous
one; the present or main dam was built some ten years ngo, and its cost, with abutments, is estimated to have
lmen $20,000. There are rapids below the dam and a race follows down each bank, that on the east being in the
borough of New Brighton,  On 1he west side there is an abrupt rise away from the stream, and the race is continued
for gome distance, down to Fallston, before Leing drawn upon by mills. The fall in use is stated as 16 {eet near
the dam ou the Nuw Brighton side, but increases sowmewhat below, and at FFallston is 18 feet, which may be taken
ag the extreme amount.  As at Beaver Fallg, the entire power of the privilege is assumed at 200 shaves, but heve it
is cqually divided Detween the two sides of the stream. The New Brighton race is perhiaps o quarter of a milo
long. Tho largest establishment supplied from it is the flax-mill of Messrs. Bentley & (rerwig, manufacturers of
hemp binding -cord and flax twines, and employing about 160 hands, The New Brighton wuter-works are operated
by power from this race, and it is also drawn upon for running two flouring- and two planing-mills, seonring-works,
and a machineshop—uall these of small or moderate size,

On the opposite side of (he river the raco is probably as much as half a mile long.  There is little of interest
at Fallston except the mills, which are seattered for a thousand feet along the lower part of the ace, close to the
river-bank, and not ont of reach of high freshets. The principal works hieve are those of W, ', Townsend & Co.,
manunfacturers of vivets, and M. T & 8. Kennedy, makers of lead-kegs; the Standard ITurse Nail Company and
the Keystone Portable Steam Driller Company also have works at this point, and power is [urther utilized by o
saw- and planing-will, a woolen-mill, & grist-mill, & machine shop, and an establishment for making wooden handles;
but theso are all comparatively small.

Eystimate of power at the New Brighton and Fallston privilege.

RAINPALL ON BABIN, Tlow pey ’l]
S, . second, P hoeorelic - hovse-
Stago of 1iver. ‘ ; 1[ : Dlx::ix::\"gc avornggs 1‘ln,ur;.:‘\‘\‘.’:‘l\lrhmax i power of
’ Spring, | Sumimer, ! Autunmn, | Winter, Year. f“]:(:‘ll"‘;! 2l ! ;‘uhl';:é"
; - ; I i | - g .
5 Ineles, Tnehes, s Inches. | Inches. !5 Inches. | Sq. miles. | Cuble foet, § 1 foot fall, |18 feet) r‘ull
Low wate, dry Yealov e erveen vonrverens! i \ i | 300 441 4 l
L0w water, average Yl ceeees vevnienans :\ l 41 11 1 10 | 84 !: 39 2,095 [ 4450 ALl ] l e
Availalle 10 menths, averngo year ... J i ' 1 ) 1 Tuo Wh ! 1,430 ;
] i

o Ltpfurns not complote,

Both at New Brighton and at I"allston a share of water entitles the owner to draw {hrough an opening of 7%
inches width over a gauge-board or weir. At Fallston, at least, the weirs are adjusted from the results of actual
experiments, and are 10 inchies lower at the foot of the race than where it is first drawn upon, 1,000 feet above,
The power of the privilege is pretty thoronghly utilized in low stages of river. At New Drighton there is nob in
ordinary years any scarcity of water, and at Fallston the shortage ranges from nothing to o month in duration
«during different years. At this point there was, when it was visited, in December, 1882 2, opportunity for another
manufacturing concern, for which 7 shares of water could be obtained, and on the New Jrighton side it was stated
that moderate powers could doubtless be secured, As has already been stated, there is heavy backwater here

from the Ohio, but the hinderance does not last long,
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Table of wtilized power on the Beaver viver and tributaries.
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a Trowor on Deaver river utilized nt Beaver Falls, New Brighton, and Fallston,
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COOPOTAZO v nerenreninnsrnnes 1 76 50
Cordago and twine.. 1 150 200
Cutlery andl edge-tools 2 156 120
Flonving and grist, ... 5 246
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. Pumping. works, oporated 2 = S I PR I,
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Table oj utilized power on the Bamwr river and tributaries—Continned.
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THE MUSKINGUM RIVER.

An arven of 7,740 squave miles, sombracing the greater part of eastern Ohio, is tributary to the Muskingum river,
Of the total amount, abont 4,700 square miles contributes its drainage from above Coshocton, where the Tuscarawas
and Walhonding unite to form the main river; one-half of the remainder is gained from Wills ereck and the Licking
river, and the balance from sandry small ¢reeks,  Trom Coshocton the rviver flows southerly and then southeasterly
to the Ohio, which it joins at Marietta, having passed through a distance of about 110 miles and traversed in
suceession a portion of Coshocton county and the counties of Muaskingum, Morgan, and Washington, The extreme
sources of the Walhonding river are in the counties of Richland and Ashland, 35 or 40 miles southeasterly from
Sandusky; those of the Tuscarawas are in Medina and Summib counties, 26 or 30 miles sontherly from Cleveland.
Whero the Ohio canal crosses, in the vicinity of Akron, the summit between the adjoining portions of the Cuyahogn
and Tuscarawas River basiug, the clevation is only about 400 feet above low water in the Ohio at Marietta, and
. nearly the same above the surface of lake Itvie. It is apparent, therefore, that the average descent of the country
to the southward toward the Ohio is small, amoeunnting to not much more than 33 feet per mile if we reckon in o
direct line from the summit-level of tho eanal to the mouth of the Muskingum, - From low water at Dresden, 01
wiles by rivor above Marietta, the full to low water in the Ohiois only 130 feet, an average of about 1.4 foot per mile,
The drainage basin of the river wo ure considering is quite regnlar in shape, gradually expanding toward the
npper waters, where o width of 90 miles in an east-and-west line is reached. It is rich agrienlturally and containg
raluable coal-flelds. The wostern boundary of the Pittsburgh coal deposit crosses the Ohio river in the vieinity
of Stenbenville, and striking southwoesterly so as to include & strip in Ohio ranging from 50 miles in width downward
approaches the river again in Gallia ecounty ; the western limit of the Nelsonvillo coal deposit runs approximately
parallel to the one just deseribed, at a distance beyond varying from 20 to 40 miles. In tho southern counties of
the Muskingum basin the soil has resulted from the disintegration of the native rocks, and the country is poorly
watered ; its surface is extremely rough and irregular, cut in every direction by valleys, between which rise high
hills, To the northward the sarface becomes less broken, though still gently undulating ; the soil has been derived
from drift materials, is sandy or gravelly in nature, but very fertile, and is varionsly underlaid by sandstone, shale,
coal, and limestone, The sammit region about the head-waters of the Tuscarawas and Walhonding rivers is
naturally marshy, but during the process of settlement and cultivation its nature has been much modified by drainage,
to the detriment of the streams. It is said to be well supplied with springs, bowever, and in an east-and-west line
throungh Richland and adjoining counties there still stretches an extensive swampy tract.

Drainage areas.

Square milos.
L S O A oS 703
Walhonding Tiver. e e covemivemaee coe et inecne cans e ate amme eeaeeaseeaseanasaaaeeanenre aanae e 2,159
Tuscm'mv&s B ) O I femene e ram. . 2,547
Muskingum river below junction of 'l‘usem'nwas and Walhondmg TIVELS tane e rmmens cnmmasnnmvans mecesarmns 4,706
Mugkingum river at Zanesvillo, helow Licking »iver ..o oo iiiimt veeeveniar cii s cieaana e anas G, 565
Muskingum river at MeConnelsville .. ... . R vemenaamaen e aeaaatranean 7,178
Muskingum river ot OTEIL < un ot ot i ot ittt s e i teeaen amna e aann o cmna e annn e 7,40

The average width of the main river is abount 500 feet; its waters arve hard, and its bed is said to be composed
mainly of gravel and ledge rock. The flow is tolerably well sustained in the dry season, but nevertheless falls

very low in some years. On the other hand, the river is subject to heavy freshets; but in the lower course, at
406 ' ' ‘
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least, the banks are of such height that they are seldom overflowed to an important extent, not oftener, it is
estimated, than once in 10 years, Raing in the upper basin produce a gradual and sustained offect on the river,
while heavy summer showers falling on the steeper slopes of the lower basin sometimes caunse sudden and
considerable rises at Marietta.

The Ohio canal, ascending, from Cleveland, the valleys of the main and Littlo Cuyahoga rivers, crosses what is
known as the Portage summit, into the basin of the Muskingum river, follows down the course of the Tuscarawas,
and afterward that of the main river, to Websport; it then strikes across to the valley of the Licking, which it ascends,
and from which it passes over into the basin of the Scioto river. Websport is on the lowest level between the
Portage and Licking summits, from each of which there is toward it an uninterrupted descent. There are received
therefore into that level, both from the north and from the west, the surplus waters of the canal, which have been
supplied to it at various points between the two sumimits from the streams along its course, and also from reservoirs
located on the summits. These surplus waters are discharged into’the Muskingum river at Dresden through what is
known ag the ¢ Muskingum side-cut”, & short lateral canal between 2 and 3 miles in length, No accurate data could
be obtained as to the amount of water thus discharged, the extent to which the various streams are drawn upon to
feed the canal, or the volume of water flowing in the main river and its prineipal tributaries, ‘'When the canal surveys
were in progress, nemly sixty years ago, numerous gaugings were made, but were largely confined to the small
streams.  Since that time, also, this region, once in common with the whole state heavily wooded, has been mainly
stripped of its timber, and the character of the streams las without doubt been affected. As nearly as can ba
ascertained, the tributaries of the Muskingum are now drawn upon for feeding the Ohio canal as follows:

Streams o the Muskingum River basin drawn upon for feeding the Ohio canal.(a)

Nameo of stream, Whore denwn upon, Romarks,

Tust helow the fivat Joek south of the
Portage summit-lovel,

Clinton, 6 miles from south end of
Tortago summit-loval,

Toll ereels vunennnons

In 1840 this streqn wan counted upon to yield, in the didoat soasons, 200 or 800 cubie foet of wator por
minute.  Canal erosses by means of n di

Tuscnrawas river. ... Cunal cxosses in pool above dmn, At lowoest stnge strearn wag relied wpon for 300 or 400 cubic faet of

water per minato,

Mescloe oveok ., .ou.. Threeo miles from Clinton. veeovv oo Water roceived through o feeder 1§ milo long., Stream very consiant, formerly yielding ab lowest
stage about 846 enbio feot per minnto,
Mond brook ......... Threo miles above Massillon vaeee. ... A 8mall hut constont feeder of about 200 cubile foot per minute, Lhe water reevived from {ho above

sourees, togethee with that brought from the summitlevel, sidod by large and numerous springs bo.
tween Mussillon and Bethlehem and in tho vicinity of the lattor place, supplies the eanal {0 Zoar, in
Tugearawns county, 80 miles feom the summit,

Tuscarawas 1iver. ...
Sugar ereel. ... en....

Tuscarawas river. ...

Walhonding river. ...
Licking river........
North fork of Lick.

ing viver,
Raccoon fork .

Zoar, Tuscarawas county
Nettr DOver.cee i iviisiinaisersnsiiaas

Halt & mile below the mouth of Still-
wator creel,

Slx miles above Boseow coene i vvnnnn..

Y Narrows of Lieking”, 10 miles Dy
cannl below Newnric

Nownrk

<1 Ono mile southwest from Nowwk. ...

o A short feeder introduees an abinondant supply of water, feeding the ennal for 21 miles boyond.

Canal crosses i pool of dam, but, # wmerly ot least, 1t was not found nocessary to draw upon tho stream
for feeding-purposes,

Water recebved fnto emnd aboud: o mile holow "Crenton, throngh nnavigabloe feeder 33 miles loug, 82 foet
wideat water-line, 18 fvet wido at bottom, and 4 feet deep,  This feeder entors 21 miles below Zoar, and
furnishies au abundanco of water for the noxt 84 miles.

Water brought down the Walhonding canal and supplies the main eanal to Websport, which is on the
Towent Jovel betweon the Portage and Licking sutnmits,

Cannl enters pool above dam, and fur 2 wiles thero is slack-water navigation,  From this point onnnl is
Lo for 17 niles below to Webspart, ]

Stream former]y hold poed for 800 enbic feet per minute in driest sensons, moro than sulliclient to supply
the ennal 10 Lho ** uarrows ” below,

At lowest atage was reckoned ns only suflleient to supply the level into whieh 1t is introdaeed.

@ Al tho data 3o this tallo werd tnken from the Fifth dnnwal Report of the Roard of Tublic Woerks of the Stale of Qhio, vendered January 11,1842, For access
to this and othor reports, and for much general information concorning the cannls of Ohig, thanks are duo to My, John B. Gregory, ehief engincer of the board ol
public works,

In addition to the sources of supply above mentioned, this portion of the Ohio eanal also receives water from
reservoirs on each of the summits.  Connected with the Portage summit-level are three small Iakes, described in &
report of 1842 upon the canal as comprising an aggregate area of 350 acres, One of these—the Summit lake—nearly
three-quarters of a mile long, forms part of the canal.  The prineipal supply of water to this summit comes from the
upper course of the Tuscarawas, hero a sinall stream, but spoken of in the report just alluded to as remarkable for the
uniform quantity of water flowing in it at all seasous of the year, being never less than 1,800 cubic feet per minuate.

Although it is not probable that any large reservoirs have been built in Ohio expressly for storing water for
hydraulic power, yet their eonstruction is evidently practicable; bub there is a question, for thae settlement of which
little information has been obtained, whether storage of importance would not require too great an outlay to be
profitable. In New England, where the storing of water in reservoirs during one-half the year for use during the
other hialf has become so extensive, there are many natural lakes which are taken advantage of and are casily
controtled, large tracts of low or swampy land practically worthless for agriculture, the country is well wooded and
is underlaid by impervious metamorphic rocks, springs almost everywhere abound, and evaporation is less relatively
than in most other parts of the United States. In Olio, on the other hand, thero are few natural lakes of much
size, It has been found profitable to drain many of the swamp-lands for purposes of agriculture, the country has
been largely denuded of its timber, the hard metamorphie rocks are missing, and strata muech more pervious to
water supply their place.  Springs are abundant in some sections, it is trae, but they ave very unevenly distributed,

in general, and the proportion of rainfall lost in evaporation is considerably larger than in the New England states.
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Tfor the benefit of its canal system the state has counstrueted several large reservoirs, but no data regarding their
cost are at hiand, except in the single case of the Saint Mary’s reservoir, in Mercer county, near the Olio and
Indiana line, covering a surface variounsly reported at 12,000 and 17,000 acres, and which in one of the canal reports
is stated to have cost, in round numbers, $600,000. :

Ou the summit between the Ticking and Scioto rivers ig what is called the Licking rveservoir, which feeds the
canal easterly as far as Newark and westerly to the point where the Columbus feeder from the Scioto is received.
As originally built, this reservoir extended from west to cast nearly 8 miles, with a medium breadth of half a
mile, and, when at a level 6 feet above the water-line in the canal, covered an area of nearly 2,500 acres; it was
considered capable of furnishing the snimmit-level and the other levels dependent upou it with water for a period
of three months, without any aid from streams, and with these its capacity for supplying the canal was much
inereased, This, however, was in comparatively early times, when the state was heavily timbered; it has since
been found necogsary to inerease the flowage to about 3,300 acres, and even now the reservoir proves insufficient
for the demands made upon it. It was thus described, as first built, perhaps ffty years ago:

Lhe great roservoir on the Licking summit occupios a natural basin, the bottom of which is a tenacious soil composed principally
of eloy. This basin was surrounded by ligher ground, except on the northwestern side, where the ground was low and flat.  Alarge
portion of its aren wag originally oeeupied by a ehain of small lakes and an extensive marsh, Across the low ground on the northwestern
sida part of the waters of the Bouth fork of the Licking in times of flood flowed into the marsh, and as the floods suhsided returned again
into that strenm.  In orvder to confine the water in this basin an artifieial bank of about 4 miles in length, 2 miles of which also forms
the towing-path bank of the canal, was raised aeross the low ground on the northwaestern side; and the waters of the South fork, taken
from thy stream several miles above, are conducted by a fooder of about 6 miles in Iength on a higher level into the resorvoir, near
tho gouthwestern end of which tho feeder passes over the canal on an agqueduct and falls into the reservoir,

In order to conneet the reservoir with the summit-level of the canal a cut nearly 3 miles long was made,
having o maximum depth of about 34 feet and involving the excavation of nearly a million cubic yards of earth,
which was found to be composed mainly of blue clay and sand, with small pebbles of stone firmly imbedded,

The city of Mariotta, which is at the month of the Muskingum, had a population of 5,400 in 1880; Ilarmar,
divectly across the river, 1,600, Ascending the stream the prineipal places are the villages of Beverly, 800
inhabitantsy Malta, 6505 MceConnelsville, 1,500; the city of Zanesville, 18,100; Dresden village, 1,200; and
Coshocton village, 3,000, In general the basin of this river is well intersected by railroads; thie main stream
above Zanesville, the Licking, ancd the Tuscarawas are all followed by railway lines and at the same time command
canal navigation, but between Zanesville and the mouth the railroads are distant, most of the way, from 10 to 20
miles on either side, and the adjoining section is more directly dependent upon the river itself for freighting-
focilities.

Table showing elevations on the Muskingum river and tributaries.

Distanes. |, . ‘ . .
from month %{?gﬁg{?ﬁ-ﬁéo Fall Distanco | ¥ ?111%11()3“
Locality. [} aliove mean Dbotweon | betwoeen botweon Authority for elevations.
M usgi iélL {:,mm sen-loveol, points, points, Polnts,
ALiles, Teet. Feet. Miles. Feet,
Wialthonding rivor (Black fork of Mohican oreok) albl 036. 54 Low-watsr surface by Pittaburgh, Fori Wayno,
at Pittsbaygh, Fort Wayne, anid Chicago Rail- 1 . and Chicago Railroad Jevels,
road crossing weat of Loudonville, J 237. 04 60 3.03
Muskingum river at Drosdon, low-wator surfnco. 91 699,49
Pusearawns river ab railroad-cvossing 2 miles «lbd 804, 48 Levols of the Cleveland, Tusearawvas Valley, and
north of New Philadelphi. } 164,09 63 9, g Wheelingrailrond. Low-watorsnriaceofatream
Muskingum river nt Drosden, low-water surface. 01 0690, 40 201.4 feot above mean surfnco of loke Erio.
Licking river nt ratlrond.crossing, Nowark...... 100 701, 00 P Low-water surface by levels of Dittsburgh, Cin
Yicking viver ab mounth ...... .....'. eeererrereeae 75 675. 00 % o0 0 484 |~ vinnati, and Saint Louis railrond. :
Muskingum river st Dresdon cooaos voenevinninann 01 699,49 Elovaliona obtainod by adding to thatat Marletta
26, 36 14 158 { the fall of the river as piven in ﬁp(’,(‘.i_:}‘] roport
Muskingum river at foot of Zaneaville dam...... 75 074,14 § 0n50 . of canal commissionors, January 17, 1826,
. 8 3 1.30
Muskingom river ot montheeeeoiiiiiienannoa, 0 540, 82 Low water io the Obie at Mariettn, as givenin
report by W, Milnor Robevts, April 21, 1870,
(Jlouse Fx, Doo, No, T3, Forty-first Congress,
third session.)

n Distanees on tho Walhonding, Tuscarawas, and Licking vivers obtained by map measnrement, and probably undor the truth,

The available water-power of the main river is found chiefly at the dams which were constructed. more tlan
forty years ago Ly the state for creating slack-water navigation. Rleven of these dams were built, extending
navigation from the Obio 91 miles up stream to Dresden, where connection is made thronglh the Muaskingnm side-
cnt with the Ohio canal. In extreme low water boats of 3 feet draught can ply on the river, and in an ordinary
stage those of 5 feet dranght, Several daily lines of steamers run between Marietta and Zanesville, 75 miles above,
and weekly round tripsare alsomade between Zanesville and Pittsburgh., The freight on the riveris composed mostly
of produce and varions kinds of merchandise. The shipments-down stream are largely made up of wheat, bacon.
and pork in bulk, angl cast iron; those up stream of werchandise, lumber, and bone-dust, and occasionally boats
ageend with eargoes of coal and coke. The dams on the Muskingum river are said to have a general similarity in

construction, and are crib-work structures resting variously on rock and gravel beds, in the latter case sapported,
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in part at least, upon piles, In building the Marietta dam, coffer-work of stone and brush was thrown up, directly
below which the downstream erib-work of the dam was construeted, vesting npon piles and forming an apron to
break the force of the overfalling water; the upstream or main crib was then extended back over the coffer-work,
utilizing that as its immediate foundation, The ageent around the dams is made throngh locks and short side-cuts,
and averages from 11 to 12 feet between the successive pools, ranging, however, between 8 and 17 feet; Lelow
Zanesville the locks built by the state are 175 feet long in the chamber and 86 feet wide.

By the improvements which have been deseribed a total fall of from 100 to 125 feet, and the surplus waters of the
river above the demands of Jockage, have been rendered available for water-power, These advantages have been
utilized, to & moderate extent, continnounsly since the dams were bunilt. At first the convenient shipping-facilities
afforded by the river rendered especially favorable the sites along its course; but with the general introduction of
railroads throughout tha state the old water-routes of travsportation have been largely sapplamtéd, and the lower
Muskingum river, being, as we have seen, at some distance from any railway line, is not so attractive to manufacturing-
enterprises as it onco was, and the use of its power is thought, on the whole, to have declined. At present there
are mills atnany, though not at all, of the dams; they are chiefly engaged in the manufacture of flour, but there
are alsoreported to be small woolen-mills in successful operation at Boverly and McConnelgville, and at Zanesville
there are"three wood-working cstablishments.

The state conveys power to private parties under thirty-year leases. At the end of the time hids are received
for the renewal of the privilege. The old lessee has the right of renewing for the same period as before, at the
highest bone fide bid price. If he does not desire to renew, then the highest bidder as above must take the power
at the price offered, and must also purchase all buildings and other appurtenances properly connected with the
former use of the privilege, ab a price to be fixed by appraisers. There are occasional exceptions to these limited
leases, whers power bad been employed before the state improvements were made. The needs of navigation as
regards water must always first be met, and the state also reserves the right to deprive the lessee of water one
month in the year, for the purpose of repairing dams and other works, without abatement of rent. The leases
specify that water shall be taken over so-called “regulating weirs?, which are to be solidly constructed of stone
and capped with wood and iron, their crests 6 inches below the surface of water in the pools, or say 6 inches below
the crests of the dams. Notwithstanding these dirvections, there are in fact no regulating weirs in use, abt least
along the lower river. The rentals charged for water are without any uniformity in rate, littlo attempt is made to
confine lessees to their lawful quantities, and these are in consequence often exceeded, The principle observed
in fixing rates scems to have been rather to charge what the lessee could probably afford to pay than to follow any
regular schedule of valuation, At Zanesville and Marietta advantage is had of location in eities and of convenient
shipping-facilities both Ly land and by water; power is evidently thervefore worth more at those points than ab.
intermediate ones, and the rates charged are higher on the whole, although subject to a wide range. At Beverly
we find one lessee paying $60 per annum for 350 cubic feet of water per minnte, and another only $100 for 1,200 cubic
feet, At Zanesvillo one lessee is entitled to 626 cubic feet per minute for $83 per annum, while a second pays $800
for 2,200 feot, and a third $500 for 1,100 feet, With very fow exceptions, the amounts of water actually used at
the differcunt mills are mneh greater than the lessees ave legally entitled to, being in some cases six, eight, and even
more than ten times the lawful amount. A few years since, Mr. A. J. Spanlding,(«) civil engineer, of Zanesville,
was employed by the state to ascertain how much water was really taken under leases at the various points nlong
the canals and the Muskingnm improvement. His report showed that upon the latter, under a total of eighteen
leases in which water had been conveyed in cubic feet per minute, the aggregate amount thus conveyed was, in
round numbers, 23,000 cubic feet, while that used, judging in most cases from the wheel-ratings, was 97,000 cubie
feet, or move than four timey as great.

Only two of the privileges on this river were visited—those at Marvietta and Zanesville. At Marietta the
river iy about 600 feef wide, and a quarter of a mile or so from the mouth is encountered the first dam, The old
lock is on the west side, but at the opposite end of the dam there was being built in 1882-83 by the government
a fine new lock of cut stone, through which steamers and barges employed on the Ohio may ascend to the pool
above the dam, and find there a harbor of refuge in winter. The pool is of ample dimensions, having a length of
5% miles and an average width of about 500 fect, The surplus water at the dam is utilized in part both on the
Marietta aud the Harmar side. On the former, water is taken from above the dam and carried in & circaitous open
channel to Rollston, Hall, & Co.s flouring-mill, a short distance below. This is a large and fine mill, with elevator,
and has an ordinary daily eapacity for produneing 250 barrels of flour, being furnished with seven pairs of burr-stones
and five double sets of rollers. On the Harmar side water is conveyed directly down the bank in an underground
wooden trunk, and utilized at Direks & Co.’s flouring-mill, eapacity 150 barrels. 'With a full pond the fall at the dam
is in the neighborhood of 10 feet in ordinary low water. Rollston, Hall, & Co. estimate & loss of about a foot of fall
in their race, and place their maximum head at 9 feet, and.the average at 64 or 7. The privilegoe is subject to back-
water from the Ohio, and for an average of about thirty days in the year the mills are deprived altogether of water-
power, and must rely upon steam, while for a total of threeo months the head is seriously affected, ranging down
all the way between 6 feet and zero. In June, 1881, there was a depth on the dam of 20.7 fect, due to Ohio back-

o Mr, Spanlding and Mr, William Smith, of Harmar, kindly furnished mueh information concerning this river.
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water, aud the same Febrnary 23, 1882, There are times during very low water when the supply is somewhat
short, and the pool even becomes drawn down a foot or two; but for nearly all the year there is a wastage on the
dam, and consequently an available surplas of power. It was stated that when the new government lock should
be completed water would be taken in an open cut directly down the Marietta bank to Rollston, Hall, & Co.’s mill
instead of followiug the present roundabount course, and that there wounld thus be offered sites for more mills, On
the Harmar side, also, the state reserves the right to tap the trunk leading to Dircks & CoJs mill, and there is
abundant room for building,

At Zanesville the river is crossed by dam No. 2, below which rocky shoals streteh for some distance. The dam
is provided with an apron in two successive pitches, and has abutments rising 17 feet above its crest; but it is
sald that this height is none too great, and that, even as it is, ice is sometimes forced up on to the masonry.
Navigation is accommodated through o side-cut, which from the pool bears well off into the city and enters the river
again congiderably farther doyvn stream, below the dam and shoals. -From this side-cut the mills on the east bank
are also supplied with water for power. The {ull fall practically available is perhaps from 14 to 16 feet, but is not
renlized Dy all the mills, and in times of very Jow water is reduced, and during freshets is liable to be almost or even
entirely destroyed. Power is utilized along the side-cut at Cassell & Co.’s flouring-mill, ordinary pro@g&gtion 150
barrels per day; at Grant’s flouring-mill, 100 barrels capacity ; at the Muskingum Coffin Company’s works, cmploying
30 hands; and at Gay Brothers & Silvey’s farniture factory, employing 30 hands. On the west side of the river
water is drawn from the pool through an independent race and brought to Drone & Cols flouring-mill, eapacity
250 barrels per day; and some power is also used in Burrow & Ball’s furniture works. The lessecs recognize no
prioxity of right among themselves in case of searcity of water, and at such a time each endeavors to supply his
wants without regard to the others; disputes are frequent, and the state authorities sometimes have diticulty in
shutting off the mills so as to maintain o sufficient depth of water for navigation. In a low stage of river the
lessees aro sometimes entirely deprived of water-power for a period of perhaps three weeks, usually in the latter
part of July and early in August. Late in January the river generally rises, the ice breaks up and runs out, and
for from ten days to two weeks the mills are stopped by high water, and for a still longer timo saffer more or less
reduction of head. ‘

Estimate of power at the various state dams on the Muskingum river.

Tlow
por snc(‘)‘nd,
Fall, pool | ™MER Tov Cor-
Dils‘;f??nﬂﬂ Drad to oo, as lllm o snonding A bof  leased o in roport mad
Tocallty. rom roinags g}vou n ars, icoret- | Amownt of water leased, as stated in m{nmbmm 8
month of | aden, | oS s availablo fenl horse- u few yeurs since by Mr AL, Spaulding.
viver, ODOIE 10 months | 2601 e
of 1842 (a) in o power. (e)
averao
yoar. (b)
Miles. | Sq. miles, Feet. Cubic feet.

Dam No. 1, near Sinnn's ereel, § miles below Dresdon.. 80 6, 705 8 490 445 | 85,4 cubio fuet per seoond,
Dam No. 2, Znnesvillo.coooonveniees Cemsrmemesrarernenas ] 5, 802 17 500 |* 060 | 120.4 cubio feet per sacond.
Dam No. 3, Tayloraville and Duneen's Falls.ooo.ovennts 05 6, 022 18 590 870 | Suffleient for 15 runa of stones,
Dam No, 4, Rokeby and Bagloport . c.oovvenast . 65 7,123 0 600 613
Dam No, §, MceConnelavilo and Maltt..veeeenoennaonans 48 7,178 0} 610 658 | SuMcient for 10 runs of stones.
Dom Vo, 6, Windsor cooeermrieenommmeniceaaeans ceeaas 98 7,219 11 610 762 | 26.7 cubie feot por second.
Dam Wo, 7, Take's chnte . ooy envenimnn iananas 33 7,233 12 610 831 |
Dam No. 8, Beverly and Watorford waeuanvas 23 7,025 11 050 812 | 101.7 cubia foot per second,
Dam No. 8, Lowell coeiiiieiirirsnmsnnnsene . 12 7,704 12 030 880
Dam No. 10, Davoll's 5 7,128 104 660 787
Dam No. 11, Marvietts and Harmar cu....... 0 7,740 12 660 900 | 100 cubic foet per second,

L e I L 8, 530

& Lift of locks nblow water. Tho figures given moy be considered the limits of availablo fall, and at somo of the dams ave nevor fully realized by the wills aa
looated. :

b Liablo to rednetion for lockage, for which, and the accompanying waste, the maximnm demand should not probably execed 10 calie fect per sccond per foot
of lockage, vxeopt ab the large new gevernment lock at Marietta, which hias boen designed of a capacity 3 or 4 times as great as that of the Jocks above, and which
will vayquire a covrespondingly largo supply of water.

¢ In tho ten months nssumed, however, the powar is liabla to be completely cut off by backwator for o perind ranging, in differont parts of the river, from ten
days to n month, the latter at the mouth; and to Le more or losy interrupted through reduction of Liead for a longer timo, reaching at Mariettn two months in adidition
to the ono month of completo stoppage,

Norr.~The effective horse-power may be reckoned ab from 00 to 80 per cent. of the theorntical, According to {hoe etumerntor's relurng there was in use ju 1889
o total of 1,100-1,200 rated horse-posver of wheals on tho entive main viver.

) TRIBUTARIES OT TIIE MUSKINGUM RIVER.

The Tuscarawas river includes within its 2,547 square miles of drainage area the greater portions of the counties
of Tuscarawas, Harrison, Carroll, and Stark, and lesser proportions of several other counties adjoining these.
From the mouth to above New I’hiladelphia the stream winds through alluvial bottoms, now and then approaching
a bluff, which gives it for a time a high bank, but in general one or both banks are low, and in places are subject
to annual overflow. The bottoms are fertile and are largely cultivated in corn. Beyond them is a rise to what

appear from the valley as ranges of hills, but which are in reality only the swells in the general level of the
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country, below which the valley of the stream is depressed. Beginning at a point 3 miles above New Philadelplia,
for somo 7 miles above the river runs over ¢lay and sandstone rock, and its banks are of good height. Elsewhere
the bed of the stream is described as gravelly, the coarser material on the shoals, These shoals are short and ocenr
only occasionally; they are separated by long pools, and the general descent of the stream is slight. The owner
of the dam at New Philadelphia claims that it sets back the river for 6 miles. The Tuscarawas is tolerably full
and well sustained in volume, and is less rapid in fluctuations than the Walhonding, the other principal affluent of
the Muskingum river. In Tusearawas county the soil is elayey, and hence not very receptive of water, though
sufficiently so for all purposes of good farming. Before the general settlement of this distriet there was much
swamp-laud in the bottoms and elsewhere, which drained slowly into the stream; but since the country has been
-cleared surface-waters run off much morereadily. In addition to being well adapted to farming, the section tributary
to this river possesses valuable beds of coal and of ¢ black-band” ore.

Half a dozen miles below New Philadelphia there is a state feeder-dam across the main stream and a tributary,
and a private dam some distance above. From the latter, water is conveyed down to a small mill located near the
feeder and digscharged after nse into that chanuel. At New Philadelphia, o village of 3,000 inhabitants, Mr, A.
Beyer has o fine mill with 4 capacity for manufacturing 2560 barrels of flour per day. The dam, which was builb
about 1870, is distant & mile up stream and rests on a gravel bed. The latter has been artificially added to, however,
by a very large amount of loose stone, estimated at many thousand perches, thrown in during previous futile
attempts to maintain 4 dam, The present structure is 850 feet long, 7 or 8 feet high, and is of stone built up in
terraces and bound with timber and fron. Water passes down the left hank in o race to the mill, where a fall of 9
feet is realized. Tho mill containg 17 sets of vollers, for ranning which there is claimed to bo always more than
suflicient power. Mr. Beyer estimates the privilege as suited to a mill of 500 barrels daily capacity during ten
mouths of the year. The principal trouble is from backwater, though that difiiculty is not regarded as very serious.
At this locality advantage is had of the waters of Conotten and Sugur creels, which enter the Tuscarawas between
New Dhiladelphia and the Zoar feeder-dam, soveral miles above. At the latter point power is returned as utilized
by several mills and shops,  There ave Houring-mills also at intervals above well np toward the hoad-waters.

The Walhonding river is the second important tributary of the Muskingum, its drainage basin containing
2,150 square miles and inclosing, almost entire, the counties of Xnox, Richland, Ashland, and Holmes, and covering
considerablo portions of Coshocton, Wayno, and Morrow. In the vieinity of Ooshocton village, where they unite,
the Walhonding and Tusecarawas flow through a wide flat valley succeeded by rolling country. Bach stream is 250
or 275 feet wide between banks, the latter low. Heavy freshet-vises oceur, the oscillations at Coshocton reaching
15 or 16, and oven, in extremo cases, from 20 to 22 feet. The Wallonding begins to subside first, and aiter a
general storm invariably reaches its flood stage from twenty-four to forty hours in advance of the Tuscarawas. The
availability of the lower river for water-power is chiefly in connection with the Walhonding canal. This leaves the
Olio canal ab Roscoe, at the mouth of the river, and ascending along the south bank for 6 miles crosses in the pool
of a low dam 3 or 4 feet high, to the north bank, which it then follows for 174 miles to Cavallo, where there is a
second dam a fow feet in height, By this dam slack-water is extended 14 mile to the village of Rochester. The
total descent from this pool to the lewel of the Ohio canal at Roscoe is 90 feot, which is apcomyplished by 11 locks of
cub-gtone masonry.

The Walhonding canal was designed to serve both for traffic and as a feeder to the Ohio canal. Except in
one or two years the navigation is said never to have been large enough to make it profitable, and recently the 17
or 18 miles above the lower dam was sold by the state to the Mount Vernon, Coshoeton, and Wheeling Railroad
Company, & new enterprise, and will no longer be used for boats. The company considers that the canal offers a
good water-power, which it intends to maintain and lease. Mills would naturally be located at the locks, although
there are opportunities for discharging directly into the river; bub it is of course more desireablo that the water
should e used over and over. A right is also owned by this company to construct its track on the canal-bank
for the 6 miles from the lower dam to Roscoe, but it does not own that portion of the canal, and the latter is nominally
to be kept open by the state for navigation, and more especially as a foeder.

At Roscoo the Walhonding canal descends by three locks into the Ohio canal, and from the upper Ievel water
is drawn to supply the large flouring-mill of Barney, DeMoss, & Co., and a small woolen-mill, both discharging under
a hoead of 24 feot into the Obhio canal. The flouring-mill has a capacity of 200 barrels per day, and uses abont 125
horse-power, The power is stated to be very constant, with no interruptions from ice or low water. Tt is estimated
that if the canal is maintained in proper condition there will be a uniform flow through this portion of at least 7,000
cubie feet per minute. It has been allowed to silt up somewhat, however, and needs dredging.  From Cavallo to the
mouth of the river the only use of power, aside from that just described, is by a flouring-mill at Walhonding village,
some 18 miles up stream, and by a custom-wmill at Warsaw, 8 miles from Roscoe, both mills of fair size. Assuming
that an average flow of 100 cubic feet persecond can be maintained throughout thelength of the canal, the available
powaer will be in the neighborhood of 1,000 theoretical, or say from 600 to 800 effective, horse-power,

The Licking river.—In Newark township, near the center of Licking county, three branches, known respectively as
the North, Middle or Raccoon, and South forks, unite to form the main Licking river, which then pursues an easterly
course into, and nearly to the center of, Muskingum county, passing through a distance of about 25 miles, with a

descent of 116 feet, and entering the Muskingum river at Zanesville immediately below the state dam. The country
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bordering the main river, at least, is well supplied with springs, and the volume of flow is said to be very well
maintained; nevertheless it is not so well mainfained as it was before the country was cleaved up, and men long
acquainted with this section are positive in their statements that there has been in forty years a decided shrinkage
in the streams, forcing the abandonment of many small powers. In order to feed the Ohio canal the Raecoon fork
is drawn npon 1 mile to the southwest of Newark, the North fork contributes a supply throngh afeeder at that eity,
and some 10 miles down stream a state dam controls the entire flow of the main river., The great Licking reservoir
of over 3,000 acres, on the summit between this river and the Scioto, has already been deseribed. The stream runs
smoothly in general, with a moderate current. The banks along the lower course are of good height, and are Lut
little overflowed in freshets.

Close by the mouth Messrs, Hook Brothers & Aston have a flouring-mill with 11 rans of stones and a capacity fox
producing 175 barrels of flour per day. The dam was built twenty years or more ago, and is a framed structure
300 feet long by about 8 feet in height. It rests upon a bed of limestone between 2-and 3 feet thick, whicl is said
to extend up the stream and underneath which is found slate rock. A fall of 7§ feet is obtained at the mill, and
128 horse-power is in use. During three or four months in the year there is more or less shortage of water. The
pond extends about & mile up from the dam, but is insuflicient for storing the night flow unless in an exceedingly
dry season; at all other times, with the mill stopped thero is certain to be a wastage over the dam before morning,

About 4 miles above Zanesville are what are known as tho “TFalls of Licking”. The river valley is Lere
narrow, and the stream itself descends in rapids for a distance of a quarter of a mile, accomplishing a descent
which was fonnd by pocket-level to be in the neighborhood of 15 feet. The bed is rocky, and the prinecipal fall oceurs
near the foot of the rapids, where the strata dip considerably to the south., At the head of the rapids there is said
to be a pool 12 or 15 feet deep ; the rocks thus form a natural dam, and it is considered that the privilege could be
improved by simply cutting a channel down from this pool.- Above the rapids there is an alluvial flat where the
banks are low, but thence down past the falls they are high and composed in part of soil and in part of rock. The
river is here perhaps 250 or 300 feet wide. If it were desired, & dam could be thrown across near the head of the
rapids and water brought down the left bank, and o fine loeation found for a mill near the foot of the falls,
Probably no objection would be raised against the building of a dam of moderate height on the score of aggravating
the danger of submergence to land above; on the other hand, it would chock the current of the strean and prevent
a washing of the banks which now goes on, mxd it i said that parties have even petitioned to be allowed to construct
a dom for that purpose alone, The privilege bulongs to the estate of the late A. II. Brown, of Zanesville, It was
formerly in use to some extent, but no power is now employed, except in an insignificant way by a little clay-mill
having a short wing-dam.

Two or three miles above, at Claypool, there is a flouring-mill, and there was also said to be a saw-mill at the
Licking feeder-dum, but no other power was mentioned as being in use on the main river. The various forks in
Licking county furnish power to a nummber of small flonring-mills, but are not regarded as of especial value. Their
beds are gravelly, the banks are composed of gravel and loam, and it is found difficult to maintain tight dams,
The North fork is at Newark about 80 feet wide.

Wills ¢reck enters the Muskingum viver from the east about 8 miles south@of Coshoeton. It drains the greater
pnrt; of Guernsey county, together with portions of several surrounding counties, its basin embracing 815 square
miles. A number of small flouring- and saw-mills are found on the tributaries, as well as on the main stream, but
the latter is extremely crooked and sluggish, with an average deseent, as stated by Professor Orton, not exae(,dmg
a foot per mile for nearly its whole length, and is of little importance,
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THIE LITULE KANAWIA RIVER.

Drainage areas.
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The sourees of this river arve in the southern part of Upshur county, West Virginia, whence it talkes a
northwesterly direction across the eounties of Branton, Gilmer, Calhoun, Wirt, and Wood, to Parkersburg, where
it empties into the Ohio. In an airline the distunce from the extreme head to the mouth is about 85 miles, but
this is increased to 100 miles or mors when we follow the meanderings of the stream. The Little Kanawha river
has not much valae for power, except, as hereafter to be seen, at the navigation company’s dams. In the more
important part of its conrse the fall is smally sveraging only about 1§ foot per mile for 150 miles above the mouth,
Abont the year 1874 a survey neavly to the head-waters was made by government engineers, and the fall found ag
below:

Table showing the full in the Little Kanawha viver,
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The Little Kanawha Navigation Compuany has four locks and dams on the lower river for slack-water navigation,
The dams are uniformly about 16 feet high above foundation, and the locks have cach a 1ift of 12 feet at an ovdinary
low stage of viver, Three boats ply regularly on the stream, and carry on a very considerable amount of traffie,
whiceh is inereasing.  Since the organization of the navigation company its receipts from tolls have advanced from
about $9,000 to nearly $30,000 per year. Iour-foot slack-water navigation is maintained from the mouth to Burning
Springs, 40 miles above, and in 1882 the national government was building a dam still above, which was to extend
slaclk-water somewhat farthor,

At the second dam from the month the construetion of a small grist-mill was begun, but not completed, and at
the fourth dam o 2-run gristanill is steadily in operation, obtaining its power at a rental of 8150 per annum.
Farther than this the writer could gain no knowledge of any utilization of the stream for power. The navigation
company is anxious to have the sarplus power at its dams put to use, and has made efforts to secure such a result,
bub with very little success.  Abundance of water could be relied upon for about nine months in the year, but there
seems to be scarcely any demand for hydraulic power in this section. The owners of the saw-mills find it to their
advantage to burn np waste and ron by steam, and there is otherwise but an insignificant amount of milling. This
section is naturally fertile, but in years past the land has Dbeen drawn upon heavily for tobacco eulture without
being enriched in return, and has thus become badly run down. It is naturally o blue-grass region and finely
adapted to grazing, but stock-raising is carried on only to a very moderate extent, though it is increasing. As
for wheat, there actually is not enough raised for the local supply, and flonr has even to De shipped up the river.
If & farmer wants wheat or corn ground, it is only a sack or two at a time; none is ground for feeding stock, and
there evidently can be but little business for flonring- and grist-mills,

Tho great industry along the Little Kanawha is lumbering. Poplar is the prevailing timber found, and the
principal operations ave in that variety, though there are also considerable proportions growing of oak, walnut, and
vellow pine,  The logs are eut all over the sarrounding country, from 40 to 175 miles above the month of the river,
floated down stream in rafts, usually about 120 feet long by from 20 to 24 feet wide, sawed up in mills scattered
along the bauks, and made into lumber, staves, and cross-ties. There are three large saw-mills at Klizabeth, and
nwnerous others toward the mouth, and at Parkersburg, which is an active place of about 6,600 inhabitants. For
a {ew miles above the mouth the river is followed by the Baltimore and Ohio railroad, but nowhere else is the main
stream directly accessible by rail,

Toward Parkersburg the valley is wide and the river runs Dbetween banks of fair height, which are succeeded
by comparatively level alluvial land. TFar up the stream the banks are said to be allavial, but the bed is in the
main composed of sandstone rock, which is rather soft, so that it is sometimes torn up in large blocks by the
overfalling water at the dams, and especially by drift coming over them. Its distribution is very peculiar, Though

nccmrring generally in the bed of the stream it seldom extends clear across, but runs out, sometimes from one bank
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and sometimes from the other, perhaps nearly or quite to the opposite bank, and then suddenly drops away. Thas
the navigation company’s dam No. 1 rests upon rock, while the lock had to be supported upon piling; and it is
stated that a rock foundation was found also for the new government dam and for the river-wall of the aceompanying
lock, but that at the site of the shore-wall borings to a depth of 50 feet failed to strike any rock. It seems probable
that the river once ran in & deep channel, somewhat different in course from the present one, and that the old
channel has been filled and the river forced over upon what were at some time its banlks,

In common with most streams in fhis seetion the Little Kanawha is subject to great fluctuations in volume.
It vises very rapidly, and apparently with slight provocation. A rise of a foot an hour is not uncommon, and Mr.
L. B. Dellicker, of the navigation company, from whom most of the information presented regarding this river was
obtained, has known a rise of 28 feet in twenty-four hours. ‘The counfry drained is characterized by steep slopes,
or, as was described, “is all on edge”, so that rains are quickly shed into the creeks and small streams. Again, the
slope of the river is small, as we have already seen, its channel is very winding, and it is unable to carry off the
floods of water ag rapidly as they are received, According to a rough measurement on the map of the government
survey, the distance from Bulltown to the mouth was found to be by general course about 72 miles, against 181
miles by river.

On thoe other hand, the volume runs very low in the dry season, and often it is only by the very closest economy
that the navigation company can command enough water for lockage purposes, In the summer and autwmn of
1881 there was no wasto over the dams for three months, It is difficult to account for such a state of things.
Lvaporation is undoubtedly large, but the chief trouble seems to lie in a defleiency of good springs. Tho soil
throughout this section is deep, and is underlaid by porous sandstone rock., 1t was stated that up the Little
Kanawha valley oil-wells have been sunk many hundreds of feet, nearly all of the way through rock, withont
encountering any water whatever. It seems probable that, while an important part of the rainfall draing off at
once, considerable is absorbed by the deep soil and afterward evaporated from the sarface, and much percolates
to depths too great to allow of its reaching the water-courses, :
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THE SCIOTO RIVER.

This river, which receives the drainage from 6,400 square miles of territory, has its source in western Ohio, in
the connty of Auglaize, The surrounding region is the most clevated in the state, the greatest altitude, 1,544
feet,(a) being reached within 3 miles of the village of Bellefontaine, or in the neighborhood of 20 miles to the
southeastward from the source of the Scioto. To the north are the basing of the Manmee and Sandusky rivers,
flowing into lake Iirie. In & report made more than 50 years ago by the Hon. John Geddes, the country at the
head-waters of the Scioto and Sandusky was deseribed as extremecly unfavorable to the formation of durable
streams, the soil being of snch a character as to shed water frecly and to give great unevenness in flow to the brooks
and creeks. Trom its origin in the castern part of Aunglaize county the course of the river we are considering is
easterly for about 40 miles, through the counties of Hardin and Marion ; in the latter the direction of flow changes

a Aceording to Professor Bdward Orton, of Columbus, who kindly farnished mueh general information concerning the streains and
topography of Ohio, -
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to southerly, and remains so until the Ohio is joined at Portsmouth, the river having in the mean time traversed
successively the counties of Delaware, Franklin, Pickaway, Ross, Pike, and Scioto. Dy general course the length
of the riveris 170 miles; following the bends with tolerable closceness on the map, the distance fvom source to
mouth is about 210 miles, and even this is probably less than the true distance by water. Assuming the elevation
at the extreme head-waters of the river to be as great as 1,400 feet, the total fall thence to the mouth may be stated
approximately as lying between 000 and 1,000 feet. IFrom a point southwest of Marion the descent to Portsmouth
is a little over 430 feet, the average slopo being about 5 feet per mnile to Columbus, and the remainder of the way
about 2 feet per mile.
Table showing the fall in the Selote river,
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Tho basin of the Scioto is o good farming section, and is intersected in various directions by railroad lines, most
of which econverge at Columbus, o fine ¢ity of 50,000 inhabitants.  The other principal points on the immediate eourse
of the river are the cities of Portsmounih and Chillicothe, each with & population of about 11,000, and Cireleville
with 6,000. The upper river, as far as to Delaware county, lies in the drift formation, in which the banks are ill-
deﬁned and the valley is flat, Next it enters upon the region of Devonian limestone, qud the valley becomes of o
rocky character, and so continues nearly to Columbus. This forwation is succeeded by the Devonian black shale,
which hnas been widely eroded and the space oceupied by drift. From Columbus to the southern boundary nf
Pickaway county the river runs through a broad productive valley ranging from 3 to 5 wiles in width in general,
but spreading ont in the “Pickawny plaing? much wider and very flat. The valley lands are gravelly in character,

said to be usnally worth from §100 to $150 per acre, and are mainly cultivated in corn.  The uplands are composed

of rock covered with a sandy or clayey soil, and are devoted chiefly to wheat and grass. Below Pickaway county
the river traverses the region of Waverly sandstone, walls of which, often obscured by slopes of disintegrated
material, are to be found on cither side of a broad valley, which is to a considerable extent subject to innndation
by the Scioto and by backwater from {he Ohio river, Three successive bottoms are here to be distinguished:
The first, or lowest, is overflowed by every high flood; tho second, by extreme freshets; while the third is 50 or 60
teet above low water, and beyond danger of submergence. Along the lower Scioto the hottom-lands yield splendid
crops, mainly of corn, but the uplands are of much poorer character, are occupied by a far less thrifty class of
Tarmers, and show but few important villages. There is a large amount of timber still standing in southern Ohio,
and in the lower Scioto basin and vicinity a great many hoop-po les and barrel-staves are made and mueh tan-bark
is stripped. The principal variety of timber is said to be oak, though it has largely been cut away, and there is
also some poplar and piteh-pine.

In its downward course the Scioto receives at Columbus its first large tributary, the Olentangy, which joins
it from the north and drains 547 square miles. Below Columbus the principal affluent entering from the east is
Big Wainut ereek, while from the west come Darby, Deer, and Paint creeks, the drainage areas of whieh are given
clsewhere. These streams and various other tributaries of the Scioto are utilized to a much greater extent than the
main river for water-power, being more easily controlled and carrying sufficient water ordinarily for the demands
of the small fAouring- and saw-mills located upon them, Above Columbus, in Franklin and Delaware counties,
there are a number of flouring-mills on the Scioto itself, but from that city down the river is not utilized for power,
so far as ascertained, at any point. Nor does this portion seem to Le,as a whole, at all well suited to such employment.
The bed is generally gravelly, the banks are low, and at many peints protected against inundation only by means
of levees; the course is very winding, the flow smooth, with scarcely a ripple, and, as we have already seen, the
average descent is small, not exceeding about 2 feet per mile. High {reshets occur in spring and early summer,
with an extreme rise in the lower river, from W'werly to the mouth, of from 20 to 21 feet above low water, The
mean annual rainfall on the entire basin of this river is approximately 38 1nehe°., distributed as follows: 10 inches
in spring, 114 in summer, 8 in autumn, and 8% in winter, About the year 1823 or 1824, when surveys were in
progress for the Ohio eanals, measurements were made of the low-water flow in various streams, among others the
Scioto. The discharge of this stream at Columbus was found to be 1,600 cubic feet per minute, or 25 cubie feet per

second, and at the mouth of Deer creek, about 10 miles north of Chillicotlie, was estimated to be 4,000 cubic feet
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per minute, equivalent to 66 cubic feet per second.(e) Supposing, as is probable, that the measurement. at Columbus

was made below the mouth of the Olentangy, where the tributary drainage area amounts to 1,686 square miles,

the discharge noted corresponded to an average of only 0.015 cubic foot per second per sguare mile, while that
assumed at the mouth of Deer creelk was at about the same rate, or say 0,017 cubie foot per second to the square
mile. The rate of flow thas determined is remarkably small, and is even diffienlt to aceept as correct; bubitisevident
that in times of severe drought the country at the Lhead-waters of this river affords bhut a scanty supply of water;
in fact it was stated in the canal commissioners’ report of 1824 that “the Scioto, in p very dry season, above the
mouth of Rush ereek (Marjon county) exhausts by evaporation and absorption nearly all the waters which it
receives®?.  No recent measurements of the volume of this river were learned of, but it is improbable that the extreme
low-water rate of disecharge has materially increased above whatb it was sixty years ago.

Including the one at Columbus there are three dams on the Scioto from that city to the mouth of the river, all
owned by the state and utilized in feeding the Olio canal. This canal descends westerly from Licking summit,
passing down the valley of Little Walnut creek, from which, as well as from Roger’s ran and Black Lick creek, it
receives small supplies of water; and then, as it approaches the course of the Scioto it crosses to the valley of Big
Walnat ereelk, and at Lockbounrne is joined by the Columbus feeder. This feeder is 114 mileslong, and is navigable.
It opens out from a pool formed at Columbus by a dam across the Scioto, and descends on the east side of that
river to a junction with the main canal, just before reaching which it erosses Big Walnut creek in the slack-water
of a dam, thus commanding also the flow of that stream. From Lockbourne the main canal runs southerl y on the
enst side of the Scioto, crossing Little Walnut ereek again near its mouth in the pool of a dam and rendering the
stream again tributary as a feeder. At Cireleville, in Pickaway county, it crosses on an agqueduct to the west side
of the Seioto, and 2 miles below the elty receives water from the river through a short feeder. The latter opens
from the slack-water created by a dam described as 400 feet long, 7 feet high, and constracted of piles. Six miles
below Chillicotho still another dam across the Scioto, of about the same height as that at Circleville, diverts into
the canal water sufficient to meet the demands of navigation thence to the Ohio.
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Table of utilized power on the Seioto river and tributaries—Continued.
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THE GREAT MIAMI RIVER.

The main branch of the Great Miani river takes its rise in the central part of western Ohio, heing formed by
swmall streams heading in Logan and Ilardin counties. Thence the general direction of flow is southwesterly to
the Ohio river, which is joined in the extreme corner of the state, nlmost upon the boundary between it and
Indiana. Tn a length which by general course is about 120 miles, this river traverses in turn the counties of
Logan, Shelby, Miami, Montgowmery, a corner of Warren, Butler; and Hamilton. Whitewater river, draining 1,482

square miles, is the largest tributary reccived, uniting with the main stream within a few miles of its mouth. In.

the middle course there enters from the west the Southwest branch, with a drainage basin of 710 square miles, and
from the east Mad river, which drains 585 square miles. .

The entire aren naturnlly tributary to the Miami river comprises about 5,400 square miles, of which between
1,400 and 1,500 lie in Indiana. The soutliwestern portion of Ohio possesses a limestone soil, and is the most
fertile part of the state. It is more thickly settled than any other section, contains numerous citics and large
villages, is intersected in all directions by railroads, and is rich and prosperous. Attendant upon this prosperity,
and contributing toward it in a large degree, has taken place an important growth in manufacturing-interests.
These are much diversified, and are carried on both by steam- and by water-power; butin connection with the latter
form of motive power is to he noticed espeeinlly the development of paper-manufacturing, The history of this
industry in the Miami valley is included within the past thirty-five years. The processes at first employed in the
manufacture were rude, and there were few mills; but the snecess of some of the early enterprises, and the natural
advantages offered by this section of Ohio, have led to & large increase in the number of establishments, and the
methods of manufacture have at the same time made great advances. According to the annual report of the
secretary of state for 1879 there was produnced in the fiscal year 1878-'79 at the mills of 27 firms or companies
tributary to Cincinnati, located mainly along the Miami river snd the Miami and Erie canal, paper as follows

Kindas. Pounds, Value.
BOOK wevnnsvnanses 11, 497, 694 $1, 010, 061
Manila conenn .. eees| 10,204, 528 672,700
NeWB ceuinannnn .- 8, 008, 072 539, 466
ROOMDE aveeenasoiceanrnare varans 5, 356, 210 144,104
WIADDINE tvveincammesnieicmnnnaa, 10, 428, 455 244, 847
)10 o - temrnnas 1, 817, 600 249, 000
I " L] 1) Y 48, 368, 068 2, 850,768

Sowne of the advantages enjoyed by this industry in the Miami valley consist of location in a section possessing
much eapital; fine conveniences for transportation, both by rail and by canal; and, not least, an abundant supply of

pure wash-water, whicl is easily obtained from the gravelly subsoil, either by open or by driven wells, Straw is
478 ’
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plentifally and cheaply obtained, and some chemical straw-pulp is made in the valley. Poplaxr for wood-pulp can

be found to a moderate extent in the northern part of the state, but the great bullk of the wood-pulp used is
manufactnred in, and shipped from, the northwest, especially Michigan,

Although its drainage basin is not large—the area tributary to that portion of the river mainly utilized ranging
only from 1,900 to 3,300 square miles—nevertheless the stream has been improved to a considerable extent for
power in the manufacture not only of paper, but also of flour, machinery, and various other goods. Its valne for
power arises from the advantages of location and communication which have already been noticed, and also from
the possession of a more rapid fall in its main course, and a fuller and Dbetter-maintained volume of flow than
characterize other streams of equal drainage area in this region. This charactor as regards flow is due to the
abundance of permanent springs. In the report of surveys made fifty years or more ago, by the Hon. John Geddes,
of the country between lake Trie and the Ohio river, it was stated that “the Great Miami has its source in a country
the formation of which is very favorable -to living springs”. In the section drained by Mad river is extensively
found a peatlike deposit which retaing water like a sponge and gives to that stream a very uniform discharge.
The northern and western portions of Olio ave covered by drift, In the southwestern part of the state, in the
Miami valley, this is underlaid by the blue limestone formation, itself entirely impervious to water, but fringed along
its border with fine springs.

Although in Logan county the surface of the country attains an elevation of over 1,600 feet above tide, the
altitude of the dividing ridge between the Miami and Maumee rivers is in places much less, and, according to the
original surveys for the Miami canal, is only 970 feet nt the point where it was designed to carry across the summit-
level. Trom Piqua to the month of the river, a distance of say 108 miles, the fall in water-surface is between 420
and 425 feet, an average of nearly 4 feet per mile, and that average rate of descent holds even in the lower 55 miles.

Table shorving the foll in the Great Miami and Mad rivers.

ITeight .
Distanco ogln',}‘}gg' Fall | Distanco I":]llli hor
Locality. from nhn.\' o belween | hotwern | g0 voon Autherity for clovations,
mouthb. menn points, puint&s. po‘int'a.
soplovel,
Great Miam viver, Miles. | Feot, | Test, | Milea | Feet.
Moumee-nnd-Miamd sammib .olouannenne, [y RN IR ILeight of summit by original survey for Minmi canal,
I’itﬁm ........ vevravreanen e, 108 840 Height of low water nborossing of the Pittslurgh, Cincinnati, and Saint Louls
} 194 o1 4,00 railrond, according to the proflle of that vond.
0 W ki 785 . Low-wator surfnco of strenm ab crossing of the Cineinnatl, Hamilton, aund Dayton
L 00 09 214 railrond 1a 986.46 foot above low water in the Obhloriver at Cinoinnati; the latter
f - v isnssumod ns 430,74 feotnbove sen-lovel, ns determined by Mr, Tames T, Gardnor,
MIdAOLOWN eoverannsvanannnns 85 050 Obtained Ly ailding to low wator at Cincinnati the fall of the Miami and Erio
' 1 220 86 4,18 onnal, a8 given In canal report.
Aouth of PIvor. ceeeve e vanuns 0 427 J Tlevation of low watdr in the Qlio river, by survey of W, Milnor Roborts, 426.017
, fect abovo ocemn-level (soo Zouss Ex. Doe. No. 79, Forlyjirst Congress, thivd
. seaston).
Mad river, )
Tonr and a half miles wost of a 888 | Tavel of low-water surface at Indiana, Bloomington, and Wostern Rnilway orosa.
Springfleld, % 103 2 7.70 ing, according to surveys of that rond,
Dagton, a8 aboVo ..vsvevwnennan 0 725

Secarcely any definite data concerning the amount of water flowing in the Miami river or ity branches could
Lo obtained. The Dayton Iydraulic Company relies upon Mad river for about 100 cubic feet per second in the
driest part of an average year, an amount corresponding, for the 580 square miles of drainage area, to 0.17 cubic
foob per second per square mile. July 3, 1867, during a tolerably low stage of water, Samuel Forrer, a prominent
engineer of tho state canals, ganged the Miami river at Dayton View, above Mad river, and found a discharge of
450 cubic feot per second. The drainage arvea above that point being 1,900 square miles, this discharge is equivalent
to an average of 0.24 cubic foot per second per square mile.

The Miami and Drie canal, striking northerly from Cincinnati, reaches the imwediate valley of the Miami
river at Hamilton, then follows up the course of that river through its most important portion, and leaving it
ou the northern boundary of Miami county ascends the valley of Loramie’s ereek and passes over the summit-ridge
into the Maumee basin, The first 66 miles of the canal above Cincinmati is supplied with water from the Miami
and Mad rivers, the former being drawn upon near Middletown and Miamisburg, and the latter at Dayton, Ior
the summit between the Miami and Maumee, and adjacent portions of the eanal, reliance for a permanent supply -
is placed in o series of large reservoirs built and controlled by the state for that purpose. The principal of these
are known, respectively, as the Saint Mary’s or Mercer County, Loramie’s, and Lewistown reservoirs, The Saint
Mary’s veservoir has elsewhere been alluded to as of remarkable size considering that it is entirely artifieial, its
surface covering an area stated by different authorities at 12,000 and 17,000 acres. As originally designed its
flowage was 12,000 acres, its extreme length 10 miles, and its estimated storage when full over 4,000,000,000 cabic
feet. 1t commands the drainage from about 200 square miles of territory.

“From Piqua down to Dayton the course of the river is through the Devonian limestone, and the same cailon-

like structure of valley is exhibited as along all the other streams runbing through that formation. Be{l(lgv Dayton
f
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the valley is broad and open, flanked by low hills, between the bases of which the distance appears to be seldom
less than a third or a half mile. The intervale is composed of level bottom-land, rich and largely cultivated for
corn.  The immediate banks vary considerably in height; at points they rise but a few feet above an ordinary
stage of water, and again they range in height from 10 or 15 feet upward, 'While the river-bed is gravelly, the
DLanks are of gravel and alluvial soil, the proportions of the two varying. The conditions are unfavorable to the
building of dams of much height, unless at heavy outlay both for the structures themselves and for the flowage of
land adjoining the river, or, if that is to Le avoided, for its protection by dikes. On the other liand, the situation
is well suited to Tong canals, At a moderate distance from the river the land becomes high eunough to Le above
the reach of all ordinary freshets, and no rock-cuttings are necessary. In early days low rude dams were built
here and there across the stream on shoals, and sufficient water was diverted into a little diteh to yun, with the few
feet of head obtained, some small grist- or saw-mills. As general manufacturing became introduced into thissection,
however, these privileges were purchased, one after another, the dams raised somewhat, and the canals extended
so as not, only to inerease the lhead, but to convey the water to points where it could be utilized without danger of
overtlow from the rivern '

The prineipal places at which water-power is employed, from Dayton down stream, are, besides that city,
Miamisburg, Franklin, Middletown, and Hamilton, ab all of which water is conveyed through long canals ranging
from 2 to 5 miles inlength., The dams are of various construction—log, crib-work, framed worlk, and brush; the one
ab Frauklin hay o fall of 10 feet, claimed to be the highest on the river. At Franklin and Dayton View there ig
permanent power still open for lease, but at the other localities mentioned, although there is a surplus of water in
some years, yet in others the supply falls short, and, so far as concerns reliable permanent power, those privileges
are fully developed. Regurding a fair distribution of water to tho various parties entitled to it, the conditions
appeared mueh more satisfactory on this viver than on mest streams that were visited where there were many mills,
the privileges hero being as a rule controlled by joint-stock hydraulie companies, which attend to the proper
maintenance of the works and division of the water. The latter is leased in so-called “runs?” or “mill-stone powers?,
rarying somewhat in size and price of rental at different localities, as shown below :

Rates charged by hydraulic ecompanies for power at certain points in the Aiami River valley.

| Bynivalent| oo | Thearot. | Batab. | poieorso
Loeality, . Company. oFn TUn ot | yror gy | denl lished theorationl Remnrla.
mill-stono fall power rental JOTRO-POWET:
power. all. 1 porrun, | por rup, [ BULES-DOWER .
Cnbio feet
perminute. | Feel, I r.
M i
B8 18 o s Coopor Hydraulic Company «eeeeeeevnniennna. 315 12 7.10 $200:4 427 03 [ o’énﬁk]";'}ivri't’.‘ggﬁfg
DO vieeriarnvremaasarnsa weveriens Conper Tydranlie Company (lower privilege)... 400 8 0.06 1504 24 751 }gé’[;s"("’muﬁo and
j 87 SN fereumanin euee| Diryton Hydraulio Company «.oveeevervanenns 2034, 1B 662 200 80 21 | On Mad viver.
Dayton VIOW. ccuveeveniinvisnvasasnns Dayton View Hydraulio Company..evaeeeane.. ) 200 12 0. 81 250 86 71§ On Miami vivor,
Franklin .ooinioniianiirie e Franklin ILydraclic Company ......... . 60 | 12 6. 81 200 | 20 a7 Do,
MIAUSEOWN . arrreimnniinas [PPT Middletown Iydranlc Company 203+ 18 6N 200 28 94 Do,
Hamilton .o vvviiieviniiieiciaiiieas Jnmilton & Rossville Ilydranlic Company ..... 300 12 6. 81 | 130-300 | 10 09-44 05 Do.
Weost Hamilton..iooooovneatvniinn. oo Weat Tamilton ydraulle Company..veenvee... 375 (€7 2 O 200 loeviiiionanans ' Do,

Of the 300 feet of fall in the Great Miami below Dayton to the junction with the Ohio river, there has been
improved for water-power at Miamisburg abount 21 feet, at Franklin 164 feet, at Middletown from 15 to 18 feet, and at
Hamilton 24 feet—a total of say 75 or 80 feet. Detween Hamilton and the mouth the river is reported to be utilized
for power by several small saw- and grist-mills, but through most of this distance it is without railroad facilities and
was not visited. Probably the entire developed fall below Dayton does not exceed 90 or 100 feet.  ITow muel more
might suceessfully be improved can be determined only by a detailed examination and survey, since the descent is
not concentrated in falls and heavy rapids, but is distributed with comparative nniformity. Toward the Ohio the
liability to trouble from the backwater of thatriver is of course to be considered. The Miami itself, like all the other
streams of this section, is visited by heavy freshets, which rise above the low places in its banks, and at times even
reach Lhigh ground, but no difficulty is experienced in finding safe locations formills, and the trouble from backwater
is notlooked upon as serious. At Franklin an extreme freshet-rise does not reach a height of move than 12 or 14 feet
above low water. Anchor-ice runs in the river more or less in winter, and at Hamilton it was stated that the
surface is sometimes seen covered with it.

Power at amilton.—ITamilton is a city of 12,000 inhabitants, distant 25 miles from Cincinmati on the Cineinnati,
Hamilton, and Dayton railroad, and is the first important site, ascending the river, where water-power is used. Tt
ig finely situated on level ground, well suited to earrying the canals and to the convenient location of mills. The
river is here 300 or 350 feet widle bétween banlks, and is utilized Loth on the cast side in the city of Hamilton, and
on the west bank at West Hamilton., The privilege on the east side is owned by the Hamilton and Rossville
Hydraulic Company, and has been in continuouns use for some thirty-five years. A low dam, not more than 3 or 4
feet high, and rudely built of bruslh and stone, diverts water into a canal in which it is brought down about 5 miles

to the city. There the main canal extends some distance in a north-and-south direction, while a branch runs across
480 . )
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to the river-bank and follows that. Water is drawn from this level under three differ
Aischarging directly into the river and utilizing the full fall of 24 feet; Second, a cousidblent falls: ' First, by mills
wnder a fall of 12 feet by mills discharging into a tail-race which runs paralle] t, the ma_erable DOTHQH is employed
Alirection, extending up to an old channel of the river and there emptying; third. 4 parltn- canal, but in the opposite
7% feet, and is then passed into a second level, the canal running over to the river, to Whichl:halso used under a fall of
atter being employed by mills under a fall of about 16 feet. Since quite an amount of . Wat'er finally descends
Tiver before having been utilized for the full available fall, it is evident that the entir Yvatver o retl-lmed to the
realized. ~He power of the privilege is not

The water-power at Hamilton is e.xtensive, and is chieﬂg: used_by the following works: 4 large ills. 3
4. machine-shops (one of them employing 300 hands), 3 flouring-mills, 1 woolen-mill, 2 manufact ¢ baper-mills, 3 or
implements, 1 of saws, and others of plows, bran-dusters, chicken-coops, hubs, Sl;okes femgsorlezof agricultural
articles’in wood. Paper-making, machine-work, and flouring may be regarded as the pI"incipal,iar(ll var tons other

‘Water is leased by the hydraulic company in mill-stone powers, a single one of which is de?‘x uf&trms: ‘ '
feet per minute with a fall of 12 feet. Its actual division is cffected by delivering it over ﬁx@n(f L as mo fi‘mm
arranged that with a full canal each weir shall pass the amount to which the lessee is entitled In Jlr Oﬂ,.“ e,u;?, H:’
tThere were in use 83 runs, or mill-stone powers, under 24 feet of full, 14 under 16 feet, 42 under '12 i‘eetdlrmdlrf‘n’ b;w"
74 feet. Most of the mills also have steam-power for use in low water. This is rendered necessary il’l ‘::,( ‘ 1}1,1 ) LI
Auring the summer or fall, for periods ranging as high as six weeks and even two or three months bmlﬁé ‘i( zﬁ:
early leases on this privilege were made at $130 per annum’ per run, but the rental has been inc;:eased ix:) mor((;
recent leases, and rund as high as $300. There ave a few runs of nine months’ water—liable to be shu}: off during
three months of the year—Dbub the rest stand all upon equal footing as respects rights to water during low st 5
of river. A deduction in rental is made for the time during which there is a shortage of water.

Backwater causes some trouble here during higl‘l freshets, and more or less hinderance is also experienced
nearly evfary year owing to the te'mporfl.ry'chamcter o.f the dal'n. It rests upon a gravel bed, and being of the rnde
construthn already alluded to is easily injured Dy ice or violent freshets, thus endangering the supply in the
Iaydraulic canal. '.l‘h.e‘]attcr varies in width, spreading out in places where the ground is favorable, and forming
one large reservoir ‘ot alh)out 100 acres and a second smaller one. For a mile from the dam, down to the large
reservoir, the canal is quite uniform in size, designed, where in excavation, to be 30 feet wide at the bottom, with
side-slopes of 1§ to 1. In its extreme upper course it follows the river-bank, and is there exposed to washing of its
own banks and even to submergence during unusual freshets.

On the west side of the river the privilego in. use iy owned by the West Hamilton Hydraulic Company. The
dam is a log structure, located something over a mile up sjream, and of course below the dam already described.
The race supplies water to two flouring-mills, one saw-mill, and one furniture factory. The fall from the water-
surface in the race to low water in the river is given as 16 feet, but a little of this is lost in a fail-race which rous
Ly the mills and receives the water discharged from each, All these mills use overshot wheels, the largest stated
to be 10 feetin diameter, Water is leased in runs, arun being defined as 375 cubie feet per minute, and presumably
embracing the full available fall of the privilege; the rental charged is $200 per annum. This power has to depend
for its supply of water upon what passes the upper dam and upon the discharge of Seven-Mile creek, which enters
the Miami river between tho two dams, and for about two months in the year there is a scarcity.

Power at Middletown.—Some 2 or 3 miles above the village is a state dam for diverting water to the Miami and
ISrie eanal, In January, 1882, there was a heavy freshet in the Miami river, and the river-bed, which is (‘on‘lp()f:;(fd
of gravel at the site of the dam, was thought to have been washed away from beneath the structure so as to permit a
settling which took place about 50 feet from the south abutment. The abutment itself next settled, and in February
a breach ocenrred in the dam through which the entire volume of the river poured. The gap was closed by te{n;mrﬂ{'."
brush-work, which, together with about one-third the old dam, was standing at the time this place was visited iu
the succeeding winter. It was designed, however, soon to replace the old structure by a framed dam'. o

Of the water diverted by this dam o certain number of cubic feet is reserved by the state for feeding the Miawi
and Erie canal, while the balance, so far as needed, is conveyed through a hydraulic race, 2 miles lon%? 1012?(&
village of Middletown, & place of 4,500 inhabitants, lying on the east bank of the stream. Itis fh‘{Il”? Ut“tll'zefl? or
power by five paper-mills, one flouring-mill, one machine-shop and pump-factory, and oue plamng]-‘ml " i‘lfflﬂ‘:‘:;
the principal variety of paper manufactured, and the combined capacity of the mills is stated to be not less ti
35 or 40 tons of paper per day.

The water-privilege is owned by the Middletown Hydraulic Company-
the regular rental, from which there are few variations, being $200 per annu
15 to 18 feet, e}nd the volun_w of water per }hill-StOﬂ@ power xtaries cor-respondmglﬁg weirs, The hydraulic company
as 203,22 cubic feet per minute. Water is measured out to the mills over fixe 16 volume flowing in the
reserves the right to a stoppage of supply for thirty days in the year, if necessary, fmd t e.‘_ put allowance for
Tace is farther liable to be more or less curtailed in summer or antumn by low water 1o the .r];‘ efixe ase of overshot
such ghortage is made in rental at the end of the year. It is said that the leases priscr; oef river, the supply of
“wheels, but in fact the majority, if-not all, in use are tarbines. If, by reason of a low siag )

VOL . hese re 1 b Oﬁ i i *d ()f leﬂse the mOS[ recent first.
| : Z ' n " i U ¢ shu m Ol‘d(‘l‘ ﬂccOl‘dlng to date ) :
1 R |
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Water is leased in mill-stone powers,
am. The fall at the mills ranges from
but for a fall of 18 feet is defined
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Up to January, 1883, abount 95 mill-stone powers of water had been leased at Middletown, covering practically all
the permanent power. In some years thero is abundance of water throughout, but in others some seareity, though
even in extremely dry years the mills are fully supplied for nine months, and the hydranlic company is prepared
still to lease power waich may be relied upon for eight or nine months in the year.

Power at Franklin~The dam at this point is abont 600 feet Iong, with a fall from the crest of 10 feet in low
- water, and the hydraulic company has the right to raise it 3 feet. The actual beight of the structure frem
foundation is much more than just stated, even reaching 30 feet in places where there has been scour and it has
been necessary to fill in. The river-Led for not exceeding one-third its width at the site of the dam is rock, and
the rest of the way sand and gravel. 'Lhe original structure was called a ¢pole” dam and was built very much like
a log dam, exeept of smaller timber not more than 5 or 6 inches thick at the butts. The breast did not, however,
project far enough beyond the crest, the overpouring water preduced heavy scour, and the dam was carried out.
The volumo of water flowing over in a heavy freshet is very great, and leaves but little difference of level above and
Lelow the dam.

The present structnre has been built up as necessity required the renewal of old work—in 1874, *75, '76, and ’81,
In general terms, one-third is a log dam of the usual style, one-third a log and stone crib-work, and one-third of the
o0ld pole pattern.  For the first, logs perhaps 50 feet long were employed, the requisite back slope being gained by
cross-logs or binders placed in the breast, which was earried up as a series of offsets to serve as an apron.  The spaces
between the logs were filled in with stone. The crib-work portion of the dam has a tolerably long and regular slope
each way from the crest. At the foot of the front slope is a crib-work apron 4 feet high, its farther extremity about
40 feet from tho crest of the dam. Great importance is attached to this apron as preventing scour. When the

BEETCH BIIOWING ACTION 01F WATER IN PRODUCING SCOUR, AND CONSTRUCTION FOR AVOIDING IT.

Dreast of 4 dam hag o steep slope (and in many cases it is built vertical), unless the river-bed below is of rock or
receives artificial protection, it is certain to be worn out by the overfalling water and the safety of the dam to be
threatened. If, however, the slope be reduced and supplemented by an apron, especially if the latter Lo given a
slight upward pitely, the falling water is deflected forward and possibly even a little upward after leaving the apron,
and thus appears to establish a return undercurrent, setting toward the end of the apron and tending to build up »
deposit instead of sconring out the bed. It was stated by Mr. A. B, Harding, president of the hydraulic company,
that by the action mentioned material has been filled in 20 feet deep at the foot of this dam, where during the life
of the old structure a deep hole had been formed, and that in places it has even aceumulated above the level of the
top of the apron, There is no sheet-piling either above or below the Franklin dam. Neither herenor elsewhere on
the Miami river does the pondage obtained appear to be of special importance, because of the general use of power
Iy paper-mills which run night and day.

From the dam a hydranlic race is carried some 2 miles down the east side of the viver to Franklin, its depth
estimated at 6 or 7 feet, and its minimum width at 50 feet on the water-surface, while at many points it widens out
considerably. Tho fall from the water-surface of the race at its foot to low water in the river is about 103 feet.
Power is in use by one writing- and one manila-paper mill, also by one planing- and one grist-mill. The Harding
Paper Company manufactures fine writing-papers, and is said to be, with a single exception, the only concern engaged
in that business in the West. The company occupies o handsome brick mill, and in January, 1883, had a capacity for

producing 8 tons of paper per day ; the works were also at that time being enlarged to a capacity of 6 tons per day..

The company has another mill for the manufacture of fine writing-paper at Excello, on the Miami and Erie canal,
where o fall of 10 feet is obtained around a lock.

The privilege which has been described is nominally owned Ly the Franklin Hydraulic Company, a joint-stock
concern. The whole property is leased, however, for a peried of twenty-eight years to the Harding Paper Company,
which also controls a majority of the stock., A “run” or “mill-power” at Franklin is 300 cubic feet of water per
minnte under a fall of 12 feet, for which the established rental is $200 per annum, In January, 1883, seventy-eight
runs were controlled under lease by the various mills and more or less completely utilized in manufacturing, and
negotiations had nearly been completed for disposing of six more runs.. The mills now in operation have abundance
of water, and no -measurements are made or weirs used. It is considered by the hydraulic company that in the
average of years the privilege can be relied upon to furnish one hundred runs continunously, and a total of ab least
two hundred runs for ten monthis. The village of Franklin is attractively located, and had, in 1880, a population

of 2,400, 'While no special inducements are held out, aside from the natural advantages of the place, other
482
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manufacturing enterprises can obtain power here, and there iy abundance of fine building-room. The Harding
company owns twenty acres adjoining the lower course of the race, and this, together with five or ten acres more
adjoining, is available for mill-sites. The theoretical power of this privilege may be estimated as follows:

Dstimate of power at Franklin.

RAINFALL ON DABIN, F]oxg p{‘i‘ ?E]ﬂ‘octivo
r 4] { . B
Stamo of river, Drainnge :\L'gmlllgé Theoretieal horse- ]mlxovluﬂr?of
" ) | . ) arep. - } Tower, 3
Spring, | Swmmer. | Autumn, | Winter, || Year, f"ll the 4 wheels in
- \onrs, use.

Inehes, | Inches. | Inches. | Inches. || Tnchew. | Sqomles. | Cuble feet. § 1 foot full. | 106 feet fall.

Low Witter, ArY YO coneecrnerimsnincennaanaiaas 1 ' [‘ 380 |- cgo l
Low WRter, QVOrafe Yo i eues ceeecsnnanzsiasaaans - 10} 12 & | 1] . 40 2,710 430 48,8 T80 REHED
Available 10 months, AVETAEE FORT ceuvan iiennreas J ' ] 1 G20 0.4 1,130 J

Power at Miamishurg—Miamisburg is » village of 1,900 inbabitants, 10 or 12 miles below Dayton, on the
Cineinnati, Hamilton, and Dayton railroad. The Miami river is here from 250 to 350 feet wide betiween banks, and’
24 miles above the village is controlled by a dam—a framed structure 4% feet high, resting on a gravel bed. The
present dam was built about the year 1873, bhut the privilege was in use probably seventy-five years ago. Ifrom the
dam, a hydraulic race, 40 feet wide at water-surface, runs about o mile and a half and then enters the Miami and
Torie canal. DBy a contract with the state the Miamisburg Hydraulic Company, proprictor of the privilege, nses 1
mile of the state canal, and in return maintaing repairs on that nile and furnishes water so far as needed for
navigation. At the village of Miamisburg water for power is drawn by the mills directly from the state canal and
discharged into theviver, The extreme fall from the Miami and Erie canal to low water inthe river is stated as about
21 feet, but the falls in actual use range from that figure down to 17 fect and even less, Towerisutilized by the Ohio
Paper Company and the Miami Valley Paper Company, manufacturers of boolk and news paper, with a combined
capacity of 6 tons per day; also by a sash-and-blind shop and flax-breaking mill,  The permanent power of the
privilege has all been leased, and the company is not prepared to dispose of any more rights to water at present,.

Power at Dayton View—Dayton View is on the right bank of the Miand, opposite the city of Dayton. Theriver
here makes o bend about 2 miles in length, and aeross the neck a raee has been carried to the mills, which are
on the lower side of the bend, Stillwater creek enters the Miami not far above the dam, and Mad viver empties
between the dam and the tailrace. TFor fifty years there Las been a dam on this privilege, at fivst o rude affair of
Drush and stone, but within a dozen years the hydraunlic company has come into possession and done alarge amount
of work on the structure. At various times previously great quantites of bowlders, locally known as “ni goer-heads?,
had Leen hauled on, and the company has itself added 3,000 porches.  These bowlders weigh in many cases several
himdred and oven a thousand pounds each, and are obtained from the hilly ground adjoining the valley.

As reconstructed, the dam has a length of 650 feet and a fall from crest to low waterin the river below of about
G4 feet. The natural bed of the stream is floored, 50 to spealk, with the remains of the old dam for o distance with
the current of perhaps 80 feet. Upon this foundation rests the dam proper, built of log cribs 12 feet square, all
interstices carvefully packed with Dowlders and gravel. The main crib-work extends with the stream the length of
two of these squares, or say 26 feet, and has an abrupt back slope, while tho top has a long inclination down
streanm. DBehind cach series of {ransverse logs sheet-piling has Dbeen driven into the river-Led in double rows,
breaking joints. This piling has a slant up stream, and against it is a mass of bowlders closely packed. The
sheet-piling and logs, the plank covering of the dam and the logs, and tho different courses of the logs themselves,
are all firmly secured together by drift-spikes. Above the main structure is o heavy Dhacking of loose stone.
Below the dam transverse logs, planked over and having the spaces filled in with stone, form an apron projecting
16 feet down stream. Tho dam was at first left without any plank covering, but it was found that the action of
jce-freshets was to force out the stone filling and threaten the security of the strueture. Afterward the upper erib.
work was covered with 3-inch planking, and then, successively, the lower crib-work and apron were covered, it
being observed that in each case the bowlders were carried oub from the portion left unprotected, The dam is
now considered safe, durable, and tight. ‘

A masonry bulkhead with head-gates hag been built by the hiydraulic company, ab a cost of from 6,000 to
$8,000, and admits water to the canal, which is about three-quarters of w mile long, designed with o width of 50
feet at water-surface and a water-depth of about G feet. Where this race reaches the vicinity of the river again are
located the mills, power being utilized by the Stillwell & Bierce M anufacturing Company, manufacturer of turbine
water-wheels; by A. A. Symonds, manufacturer of cutting-bar knives for paper-mills, planing and machine knives;
and by C. B. Palmer & Co. for a flouring-mill. Between the dam and tail-race tle river descends 4 or b feet,
making the fall at the mills nearly or quite 11 feet, and by raising the dam 1 foot the hydraulic company claims that
an available fall of 12 feet will be realized. This is, of course, subject to important reduction during high water, and
in extreme freshets may be obliterated entirely; still, serious trouble from this source is not of long duration, the

mills themselves are ont of reach of high water, and the head-race and adjoining meadows are well protected by dikes.
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The water-privilege is owned by the Dayton View Hydraulic Company, capital stock $75,000, which leases
land and water to manufacturers for terms of ninety-nine years. A ‘“run?”is here defined as 300 cubic feet of
water per minute under a fall of 12 feet, for which the regular rental is $250 per annum. The company is proprietor
of 16 acres of land adjoining the lower part of the race, suitable for building-sites, and is desirous of leasing this,
together with the remainder of its power. It assumes that with a fall of 12 feet it has forty-three permanent runs,
and of these eleven had been leased by January, 1883. The site is without direct railroad facilities, but the haul

for freights across the river to and from depots in the city of Dayton is not a long one, and there are convenient
bridges.
Bstimate of power at Dayton View.

RAINFATL ON IASIN, Tlow A Elﬁ‘t‘t‘ﬁ\'t‘
. per BCCOD| - | Lorse
Stago of viver, - 1 D‘n‘fé“{‘go liavm’n{.,g( Themﬁ(t‘pl\s%}‘hm aer D;nlxl(?ll of
W |8 . AN N . ‘or the 04 : wheels in
Spring. | Summor. | Autumn, | Winter, | Yoar, hours, e,
Tuohes. | Tnches, | Inches. ‘ Inches. l TInches. | Sq. miles. | Cuble feet. | 1 foot fall. | 12 feet fall.
LOW WRbLE, QU YO ceanttmuienverarnnnnnee st ] } ‘ [ 200 0.7 070 l
T.0W WRLEE, QVOTAZO YOAT o evereermerases 10§ 13 8} O T 1,004 270 30.7 870 150
Avaflnble 10 months, Avorage Fefroe e eaneen - J ' ‘ I 420 47.7 670 J

The examination of the main river did not extend above Dayton,

According to the censns cnumerators’ retnrns

the use of power above that point is confined chiefly to small flouring- and saw-mills, with an oceasional paper- or
oil-mill, and may sufficiently well be learned from the table of utilized power.

Drainage areas of the Great Miami river and tridbutaries.

Stream and Ineality. D‘:‘:&}:"g“ | Stream and locality, D:‘\r;'icx‘\r:go

8. miles. Sq. miles.

Groat Minmlt piver 86 Pt v e crensniinenn senns P 800 1 Sonthwest branch at mouth ........... Cesieracusnmsunneseranetnvas . 710
Great Miamd elver b Lroy.eco e cevesiiensanananenas 050 || Mad river noar Springfield, above Lagondn creek ..... [ vevees a7
Gront Minmi viver at Dayton, shove Mad river 1, 900 180
Groat Minmi viver ot Dayton, below Mad viver 2, 485 451
Groat Minmi river ab Miamlshurg covveeeieriiiineenna terericnanaes 2, 640 685
Groat Miami river at Franklin dam, 2 miles ahovo villn;,o PN 2,710 M7
Great Minmi viver ab Middlotown Qoin, 3 miles above villogo .o..e. ... 3, 080 807
Great Minmi viver at Hnmﬂmu dam, 5 miles nhovo city and assumed ceeeaee 456
to be above Soven-Milo vreek 3820 |} Whitowator iver ab Brookville -eeeanenerrenennmnemaniemnnarees 1,917
Groat Minmi rivor at moutlt vieseevnancneanactceiannes erueesetnmararns 6, 400 Whitewnter Mver i mMoutll cover i o iimiiaenanaesennnenneansrmnnen 1,482

Maad river, oue of the most important tributaries of the Miami, which it joins at Dayton, has its souree somt
50 miles to the northeast of that eity, in Logan county. Its drainage bLasin comprises 585 square miles. Ax
has elsewhere been noticed, the river is characterized by & well-sustained flow, which is due to o great abundanet
of springs in the swrounding country and to the préscnce of extensive swampy tracts of land., It hasin generay
o gravelly bed, and along its course are met the usual drift materinls—gravel, clay, bowlders, and sand, Al
Snider’s mill, near Springfield, roek appears, while at a Lridge site not far below, a deposit of sand 40 feet deep
is said to have been encountercd, Other large deposits of sand oceur in the vicinity, and it is the water leaching

_out from these which seems to have produced some of the “cat-head?” swamps. From Dayton up nemly tc
Springficld the stream is bordered by low and wide flats or bottoms, beyond which, at a moderate elevation, is the
Tolling upland country. Not far west of Springfleld, however, the valley narrows for a time and is flanked by rock;
walls, The deseent of the stream is tolerably rapid, amounting in about 21 miles above the mouth to 163 fect, ax
averago of nearly 8 feet per mile. Many good water-privileges exist and are but partially utilized. Formerls
there wero numerous distilleries along Mad river, but within the past twenty years the industry they represented
has greatly declined in this valley.

The largest use of power is at Dayton, o fine city of 37,000 inhabitants and an important manufacturing point
Water is drawn from Mad river some distance above the city, and above the dam by which the state diverts water
for feeding the Miami and Eric canal, Sowme power has been in use on the privilege from the early part of the century,
but tho principal manufacturing at Dayton has developed since 1835, and the Dayton Hydraulie Company?s works
were constructed about ten years later. The dam has grown by accretions. It was originally built as a rough
affair of timber, brush, and stone, rudely thrown up, but from time to time additions have been made of large
bowlders, carefully packed, and in such manner as to give a somewhat regular shape to the dam, with a sloping
faco and apron. The interstices have been filled with gravel, and the sediment of the river has settled in and mada
the structure tight, so that in low water there is no leakage through it, though seepage takes place under it through

“the gravelly bed on which ib rests,

Although the dam is a substantial one, nevertheless after the severe winter of

(88081 n heavy run of ice carried away o part, making a breach perhaps 40 feet long,
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rebuilt, however, with timber, limbs of trees, brush, and bowlders, and is now eonsidered to be as strong as any
other part of the structure. In low water the fall from the crest to the river-surface below is about 7 feet.

The race extends about 24 miles down to the city, and, with one exception, the mills are located at its extremity.
This race is irvegular in width, but is estimated to have ample capacity, when not obstrueted by ice, for passing
10,000 cubic feet of water per minute ; when frozen over its capacity is diminished at times to 8,000 cubie feet, and
to even less in exceptional cases. Water is supplied for power to three flonring-mills, two paper-mills, two flax-mills,
two plow manufactories, and one lingeed-oil mill. The tail-water from these mills is discharged into the Miami
and Erie canal. The hydranlic company has a contract with the state, by virtue of which itis entitled to discharge
into the canal 10,000 cubic feet of water per minute, and as much more ag necessary, provided no injury be done to
the canal. The “head and fall” ig reckoned at 15 feet, but is subject to slight variations from changes of level in
head- and tail-vace. The leases permit the use of overshot wheels of 13§ feet diameter, and that class of wheels is
employed in all cases, except by the Meadoe Paper Company, the largest single nser of power, this company having
turbines,  Water is drawn from the race throngh rectangular apertures between square-edged metallic plates, which
are adjustable. The aperture is as close as convenient to the wheel, the width of oponing being governed by the
width of the wheel, for overshots, and the depth by the quantity of water to be supplied. As the level in the races
varies, the aperture is correspondingly adjusted, and the power is maintained comparatively uniform,

A run of water is here fixed at 238§ cubie fect per minute, under a head and fall of 15 feet.  There are assumed
to be 26} permancnt runs, and for the average of a series of years the assmption is stated to prove quite accurate,
In January, 1883, all theso rung had been leased, and, in addition, 24 temporary rans, liable to be shut off in
low water. The rate charged for permanent power is $200 per annum per run, and the same in proportion for
tomporary power. Throughout the year 1882 there was sufficient water for all the runs, both permanent and
temporary, and a wasto on the dam Desides; while in 1881, for a time, not even all the permanent rnns could be
supplicd, Both land and water arve leased to the manulacturers by the hydraulic company.

Ascending above Dayton, power is ntilized at short intervals along the course of the river, mainly by ilouring-
mills, of which there are § within perhaps 20 miles. These range in capacity from 150 barrels per day downward,
and in connection with somo of them are operated other small works such as corn-mills, saw-mills, and distilleries.
A fall of 10 feet was reported to e in use by a paper-mill at Binon, and o {few miles above Dayton a privilege with 14
feet of £all, owned by John Marries and formerly utilized by a flouring-mill, was found idle. These were the only
powers on the section of river visited possessing as great o fall as 10 feet, the range at other points being only
from 5 to 8 feot. Near Springfield the river is joined by Lagonda creck, which flows through that city and is taken
advantage of for power by several manufacturing concerns, among them the firm of . P, Mast & Co., extensive
manufacturers of agricultural implements,

Above Lagonda creek the volume of Mad river is, of course, considerably smaller than toward the mouth, the
tributary drainage area being less than once-half as great as at Dayton, but the stream continues to be employed
for power ab frequent intervals all the way to ita headwaters, mainly by flonring-mills.

Table of utilized power on the Great Miami river and tributaries,
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Table of utilized power on the Great Miams river and tributarics—Continued.
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.
Table of utilized power on the Great Miami river and tributaries— Continued.
\ d '
gl 3 N
g B | B,
Stronm, Tributary to what, Stato. County. Kind ofu’:}‘é{}r‘é" mant. E % §§ g Remarks,
' 2 PR | E2
8l0E |8 |°
AELREE
Yeet, | H. P, | I P,
Tributarios...eeenns Whitewater river.| Indiann...e..u.. Tayetto...... JPumps., e ccei e 1 T [ P
cennll0 ] BAW e s 1 10 10 |vaeennes
A1) YR IR U ROt B 13 16 fuueennes
eaer0 conavnnn.) Flouring and gris........| 2 20 11 PR
Butlor R e I S I R P,
wello,. BOAW vcaanaaane 4 41 00
Warren.. Woolen . cuivuiunen 1 2 12 [
LT IR Tlouring and grist i 107 112
Montgomory..l....do . ..oieaee. 1 2004 073
RN |1/ R BIW eme i 7 116 102 12
eblo R I 4 814 9% Jeceiinnn
edlo, .| Woolel «caveerannnns o 67 A (RN
veee@l0 ouenns | Flouring and grist.. 11 139 202 175
Duko veeenn.. F e 5 it 104 Looaionn]
cedo e, B vecvarinaran semenanas 1 b 10 |oeeinans
S0 e A D O 1 12 18 [vavenenn
Minmi .. ... Flowrlng and gris........ | 108 133 25
R ' P 3T AN O it 103 |eavenean
verellO weneannas WOUIEH « wervrmmeseramenea] 0| 2054 72 |iiensns
(1130 U BAW dneaav i vonnariennnn 3 28 [ N
Champaign ...| Flonring and grist........ 1 25 12 feweeinen
i Lognn . P TR P 8 14l 180 12
...... PR 1) JPPYE I\ IR PO 11 PR I - U U ) 24 0
deweado Shelby.ceene.. Tleuring and grist........ 3 50} 70

Table of utilized power on various minor tribularies of the Ohio river (above the mouth of the Miami river on the north,
and above the mouth of the Little Nanawha river on the south).
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Table of utiticed poicer on various minor tributaries of the Olio viver, ete.—Continued.
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WATER-POWER OF THE OHIO STATE CANALS,

Although the writer’s oxamination of water-power in Ohio was limited to that part of the stale deaining
goutherly toward the Ohio river, while the principal canals cross not only that portion but also the northem
slope, nevertheless i6 may be proper to give in this report some facts regarding the canal syslem as a whole,
Aceurate and dotailed data concerning the canals are so scattered amon g various reports, stretehing back over a
.pm'iml of fifty years,(e) and npon some points are so entirely lacking, that tho most to be attempted will bo to
convey a general idea as to the history, present condition, valne for power, and extent of utilization of these artifieial
water-ways,

The state canals were constructed iu the neighborhood of 1830, and were designed eliefly to afford convenient
and cheap communication from the interior of the state to the Ohio river on tho south and to lake Trie on the north )
and thus to command access to variony distant markets. The Ohio canal across tho castorn amd central portion of
the state, and the Miami, conneeting with the Wabash and Irie and forming a north-aud-south line through the
western counties, wero tho most important of these routes. By the construction of the Ilocking ecanal, the Walliondin 2,
andd other minor branehes, and by the improvement of the Muskingum river, the system of woaterdransportation was
considerably extended,  The numerous state reports belonging to the period of eanul construetion hear abundant
evidence as to the prominent place which these enterprises then held in tho pablic mind ; nory judging from the
later iistory of this great commonwealth, can there be any doubt of the valuable part which ihey huve played in
its development,  Bub the position which the canals oceupied when they {irst came into general nse has nudergone
@ great relative change.  Trom the condition of being leading highways of traffie, and chicf factors in internal
growtl, they have sunk to that of partial competitors, and to somoe extent regulators, in the general trafile of the
state, heavily handicapped ab the same time through certain inherent disadvantages, and in publie estimation
have come to be judged worthy of ouly a half-hearted support at the hest, and frogquently of contempt and uepleet,

Some of the small braneh canals have never proved profitable, ancd have from time to time been abandoned, no
doubt wisely, The original northern termini of both the Ohio and the Miami and Brie canals have been given up aud
granted, the former to the city of Cleveland and the latter to Toledo. The southern terminus of the Miani and
Tirie canal has been cut off for three-quarters of a mile from the Ohio river and granted to Cincinnati, thus
severing conneetion with the river and entailing extra expense upon the transfer of freight from oue to thoe other,
The southern outlet of the Ohio canal, also, though nominally open, was practically closed al the time it was visited
in Janunary, 1883, by a ruined lock,

Iiifty years ago Ohio was a heavily-timbered state, the streams were running fuller than they now dey and thoe
supplying of water to the canals was an casier matter than it has been in lato years, To insure suflicient water
daring the dry seasons, reservoirs, some of them of remarkable size, were constructed in different parts of the state,
adjacent to tho summit-lovels of the canals. 'With the settlement of the country, ity clearing, and more general
artificial drainage, the streams have become more uneven in flow than they were hefore, and the demands upon the
reservoirs threaten in some cases to exceed their power to respond. The Ticking reservoir, of 3,300 acres, hag
Droven insufficient for the needs of that part of the Ohio canal dependent upon it, and for two months in some
years continuous navigation of the latter is impracticable, and lightering has to bo resorted to, Fven upon the
water readily at command a serious and wastelul draught must be made by leaky dames, agqueducts, and Toelks, in
the present inferior condition of the eanal works. ‘

When the water-ways wo are congidering wore constructed, there was no thought of railroads as eoming
competitors. The state was desirons of leasing her surplus waters for power, and did so at what now scem very
low rates, usually for periods of ninety-nine years, supposing that by encouraging the location of mills along the
canals the business of the latter would thereby be increased. But by the introduction of railroads the routes for
shipment have changed, and lessees arve enjoying water-privileges at low rates, while the canals do not reap
corresponding beneftt. Leases of new powers are being issued from time to time, and oceasionally soma old lease
is vacated; in all snch cases the state endeavors to obtain new rates that shall be more favorable to her.  Tho total

o Those flgures and statements which will hereafter be given are in many instances taken from sueh rourees, and wonld perhaps
require some rovision in oxder to serve for an exact deseription at the present time ; lmt in t1e main they are thought to he reliable,
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annual rentals received by the state of Ohio on water-power leases are between $50,000 and §60,000, the distribution
~of which among the different canals, as well as the relation of the income thus derived to that from transportation,
may he seen in the following table:

Statement of tolls and fines and water-vents received by the state of Ohio from canals during the year ending November
15, 1880.

[From 4 anual Report of Board of Public Torks.]

Namo of canal. Tolla and fines, | Water-rants,
B S T (U 3 R R S $78, 061 G $38, 108 03
.. G8, Tu3 00 8 841 67
Maoskingum improvement (slackowvater on Muskingum viver).. 13, 666 93 5, 68 65
TLOCKERE eovrnvnnane e memmnesmsns semmas seasnennnnsneesnenamnnes 6,480 08 080 47 ®
A AT T oS 80 20 |.coevnaiennnn.
Total fnecome from sourees mentioned..evaenn i n 162, 302 83 03, 688 &2

The leases under which water-rights ave enjoyed are variously made oung to cover, in some cases, the surplug
fowing around a certain lock; in others, water sullicient for a certain number of runs of stones; and, again, a
gpecified number of cubic feet per minute. No snitable means arve in use for o measurement, even tolorally -
approximate, of the amounts of water actually taken by lessees; there is every reason to suppose that they aro in
many instances largely in excess of the lawinl dues, and disputes are frequent. The state reserves a right in
all eases to shub off water from lessees for a period of 30 days in the year for the purpose of making repairs to the
canals; and also the right of resuning at any time the use of water previously granted or leased, when it shall
appear necessary to the interests of navigation, but in the latter instance must compensate tho purchaser or lessee,

There are strong reasons for doubting the wisdom of maintaining a system of lease and sale of water-rights in
connection with the canals, if these are to be used the most efficiently for navigation. But since thoe state of Ohio
has become so far commitfed to sneh o mothod, it is natural to notice, in the next place, tho real value of the powens
which thus beeome available for manufacturing, The power of o privilege is, of course, governed by the amonnt of
water at command and the height of fall throngh which it can be used. And becanse, in general, along the canals
of Ohio the surplus of water is not very great, nor the fall to bo obtained around locks very largoe, it {ollows that
tho powers resulting are to be reckoned for general manufacturing-purposes as ouly moderate in size, the actual
effective powers in use on the Miami and Tirie canal averaging about 50 horse-power each, though ranging {rom 10
to 300, and those on the Ohjo canal averaging about 35 horse-power each, with a range from 10 to 150. Those
scattered at random along the lines of tho canals are suited to flouring-mills of ordinary size, while at o few
oxceptional points, such as Cincinnati, Dagyton, and others, chiefly on the Miami and Erie canal, sufficient power is
obtained to support manufacturing of considerable importance,

The main trunks of the Ohie and the Miami and Erie canaly were built with a minimum breadth of 40 feet at
the water-line and 26 feet at the bottom, with a water-depth of 4 feet, A great part of both cavals is of much
larger dimensions, having a breadth at water-line of from G0 to 160 feet, and & depth of from § to 12 feet, while in
some localities even these figures are excecded. Portions of the canals, however, have become silted up, and their
capacity for carrying water has become diminished nof only in that way, but also by a thick growth of grass which
chokes the channel in smmmer, The true character of the canals should be kopt in mind—that of artificial water-
courses, throngh which there is a slow movement of water toward the points of lowest depression, the supply being
introduced at intervals along the course from neighboring streams or reservoirs in order to make up for the losses
which are constantly going on through leakage and evaporation, as well as to meet the demands of lockage from
one level to another.(a)

A greater surplus will evidently he available for power in those portions of the canals below and adjacent to
feeders, than farther along where the flow has become so reduced as to need replenishing. The value of the canal
powers must depend upon their reliability through the year as well as upon their size. As has been said, they are
liable to be cut off thirty days in the year by the state for repairs; they also suffer at many points from diminished
flow in summer, when the feeders are low and the channels are choked by grass, and in winter when the water-way
is contracted by thick surface-ice or gorged by broken masses. Of the water diverted toward and into the canals
much is wasted owing to the leaky condition of the various structures. Nevertheless, it is to be said in favor of
canal-privileges that they are usually safe from all danger of freshets, involve no outlay to the users for dams, and
offer conveniences for transportation ; so that, notwithstanding certain disadvantages, they have important value,
and it is not to be wondered at that nnder the low rentals charged in Ohio they have been very gencrally oceupied
for manufacturing-purposes. Althongh the most desirable powers are already in employment, the state yet holds
numerous others, both on the canals and at the dams on the Muskingum improvement, suited to use.

@ It was originally estimated that for the Obio canal, at leust, there would o required 100 cubie foob of water per minute per mile,

and the maximum velocity of enrrent was placed at 1 foot per second.  No nccurate data are at hand, however, ag to the amounts really
furnished or required.
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Though it was found practicable to visit but a few of the many privileges ntilized along the Olio and the Miami
and Lrie canals, g brief description of those examined will perhaps be useful in illustrating what has already been
said. The general distribution of the various powers may be learned from the tables elsewhere given, compiled from
the census enumerators’ returns,

THIE OHIO CANAL.

This canal has o length of 309 miles, extending from Cleveland on lake Tivie, to Portsmouth on the Ohio river.
Trom the former city it ascends the valleys of the Cuyahoga and Little Cuyalioga rivers, and reaches the north end
of the summit-level at Akron, 88 miles from Cleveland. This portion is fed mainly from the Cuyahoga and Little
Cuyahoga rivers, and has an ascent of 305% feet, overcomo by means of 44 locks.(a) Of these, 21 are within 3
miles, and 16 within 14 mile of the north end of the summit-level at Akron, Power is utilized by a number of mills,
principally at thoe last- n)&ntxoncd place.

The canal now enters the basin of the Tuscarawas river, and from the south end of what is known as the
Portage summitlevel has an uninterrupted descent to Websport, following the Tuscarawas valley and then that
of the main Muaskingumriver. In this distance of 112 miles there is o fall of 238.6 feet, effeeted by 29 locks, The low
level at Websport is also at the foot of a continuous descent from the Licking summit, which les to the westward,
the surplus waters entering it from cither direction being discharged through o side-eut into the Muskingum viver
at Dresden.  On the division extending from the Portage summit to Websport and Dresden there are nearly a dozen
flouring-mills, using various powers, ranging usnally between 16 and 50 hovse-power, bub in two or three cases
reaching 100 and 150, Of these there was visited only the one at Lockport, opposite New 'Philaddphid, whero
power is ufilized under a fall of 12 feet around a lock at Patterson & Hardy’s flouring-mill,  ‘Water is taken from
above thelock, discharged into the level below, and at times in smimer is insuflieient for the needs of the mill, which
has o capacity for producing 40 barrels of flour daily. Tor supplying this portion of the canal the Tuscarawas river
is drawn upon at Clinton, Zoar, and near the mouth of Stillwater creek; the Walhonding river is drawn upon a
few miles above Roscoe, and EGVGI"\.]. minor tributaries of the Tuscarawas iblb() assist,

From the low level at Websport the canal rises to the westward to the Licking summit, making an ascent of
160 feet in the 42 miles by means of 19 locks. The water-supply is derived from the Licking river at the “Narrows”,
{rom one or two forks of the main river, and from the Licking reservoir, There are no roturns indicating any present
use of power on this section of the canal. At Newark there is a fall of 18 feat from the feeder and from the main
canal to the water-surface in the Noxth fork of the Licking river, but it is not utilized. In ycars past the feeder
has been employed at Newark for a small woolen-mill, a flonring-mill, and a saw-mill, which did quite an extensive
business, but they have one after another abandoned the use of tho waler-power, the flouring-mill within two or
three years, though enjoying at the last execlusive use of the water. The feeder at that point draws from the
North fork, and should take its entire low flow; but the feedér-dam is reported as leaky, and the canal has heen

“allowed to silt up, thereby diminishing its capacity, so that the available flow of the stream is not utilized.

From Licking summib the canal runs westerly down the valley of Waluunt ereek, o tributary of the Seioto river,
descending 202% feet by means of 30 locks in the 30 miles before it reaches Tiockbourne. It reeeives water in this
part of its course from the Licking reservoir, from Tittle Walnut ereelk, and from one or two other small streams,
and by thoe Columbus feeder is re-enforced from the Seioto river, which is drawn upon at the above-mentioned city,
the feeder running thence southerly about 12 miles, to Lockbourne, with a fall of 14 feet,  Several flonring-mills
obtain small powers from this section of the Ohio canal, but upon any portion largely dependent upon the Licking
summit the supply of water for power must be unreliable,

Irom Lockbourne the canal takes a southerly direetion and continues down the valley of the Scioto river to
l’ortsmouth, at its mouth. In this distance of 87 miles there ave 24 loc'hq, and o dowont of 211 feet to low water
in the Ohio river. The demands of lockago and waste are met by drawing upon the river & miles below Cirveleville,
and again 6 miles below Chillicothe. There are small powers in use on this division of the canal by half a dozen
or more flouring-mills, two of which will be noticed:

A mile or so above the city Marfield & Massie obain about 14 feeb of fall around two locks, They have the
surplus waters from the canal, to which they are limited Ly a weir buil at the entrance of their race to within a
few inches of the ordinary water-surface in the canal. The locks are leaky, however, and the firm estimates that
half as mueh water is thus lost as it uses. The mill is a fine one, with twenty-eight sets of rollers and an
ordinary capacity for producing 400 barrels of flour in twenty-four hours, This part of the canal is supplied from
the Circleville feeder, some 18 miles above, and trouble is experienced in summer from the obstruction of tho
channel Ly grass, and in winter from ice. The mill Tias two overshot wheels, each considered to be of about 20
horse-power with abundant water, but the proprictors estimate that they actually get not over 25 horse-power from
the two together, and that for only one-third of the year. Reliance for the balance of the power needed is placed
in a steam-engine.

Near the southern terminus of the canal, and about 1§ mile from Portsmouth, George Davis & Co. carry
water in a side-cut "past two locks and obtain a fall of perhaps 15 feet. They employ o 14-foot wooden

a The locks on the Ohio canal are abeut 90 by 15 feet in size.
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overshot wheel, 12 feet wide, and operate four runs of 4-foot stones, and one double set of rollers. They run their
mill twelve hours per day, its capacity being about 50 barrels of flour in that time. Water is drawn from a G-mile
level, and the firm considers the power good for about half the year. From June to September the grass which
grows in the canal obstructs the flow of water, and resort is then had to steam-power. In extremely cold weather 8
inches of ice sometimes forms in the eanal, and to a considerable extent lessens the flow. At snch times the side.cut
is liable to become drawn down, the surface-ice in it sinks, and when the water-level rises again the water overrans
the ice and freezes; so that when there is 8 inches of ice in the main canal there may bo twice that thickness in the

gide-eut, and the flow is correspondingly interfered with, The wheel also at times becomes covered with a mass
of ice which hinders its working.

TITE MIAMI AND RRIE CANAL,

This is the most important of the existing canals in Ohio, both with regard to navigatign and to use for water-
power. Trom Cineinnati it extends northerly, at a distance ranging from 15 to 35 miles from the western boundary
of the state, into Defiance county, where it turns northeasterly and follows down the Maumee river to Toledo.
The main trank hias o length of about 246 miles. It originally entered the Ohio river at Cincinnati, and the
Mawnce river c¢lose to its mouth several miles below Toledo; but, ag we have elsewhere scen, these termini
have Deen cut off.  The section traversed by thoe canal is fertile, thickly settled, wealthy, enjoys abundant railroad
facilities, and has an established charaeter as a manufacturing district, The structures on the Miami and Erie canal
appear to be in better condition than those ou the Ohio canal, and tho hydraulic powers are favored by a generally
copious supply of water, derived from the Miami and Mouwmes rivers and from o system of large reservoirs in the
summit-region between their basins. The water-powers along the whole line of the canal are quite generally taken
up and in use; this is especially truo between Dayton and Cineinnati, and it was stated thab probably no more
power would De leased along that portion, from danger of interfering with the interests of navigation. The
mannfacture of flour is an important interest aloug the entire canal and stands first as regards the number of mjlls.
The paper industry ranks next in this respeet, and has been most developed between Dayton and Cincinnati.
There are small woolen-mills, also, at various points, as well as saw-mills, machine-shops, agrieultural-implement
factories, oil-mills, and other works, The greatest ntilization of power is found among the three southern counties
of Familton, Butler, and Montgomery, and in the middle and northern counties of Miami, Auglaize, and Lucas.

At Manmeo city, some 8 miles above Toledo, the canal ig 63 feet above the level of the Mawumee river and lake
Brie, and is connected with the former by locks. I'rom this point for 15§ miles, up to the head of the rapids, where
the Maumee is rendered tributary for feeding the levels below, there is no lockage. When the canal was built the
question of water-power in connection with it was considered, and in the Sizth Annual Report of the Board of
Public TWorks (1843), 1t way stated that “the capacity of this canal is such that from the head of the rapids to
Manhattan 18,000 cubic feet of water per minute can be passed and used for hydranlic purposes, without injury to
the navigation. At Mawmee eity the water can be used over a fall of 63 feet; at the locks above Toledo the water
can bo uged over a fall of 49 feet, and at Manhattan over a fall of 15 feet; and between these points tho canal is
o Jocated that the water con be used from it for hydraulic purposes with great convenience, ocecupying all the fall
between the canal and river”. An important amount of power is now in use from this portion of the canal by
severnl paper-mills and Jarge fouring-wills. ‘

TFrow the pool above the rapids the succeeding 20 wmiles of canal, to Independence, is supplied from the river
by means of a dom at that place 9 feet high. Trom the long level below Independence the report already quoted
from mentions an opportunity to utilize a fall of 23 feet to the river. The portion of canal wo are now considering
was originally known ag the Wabash an@ Erie, being continuons with the Indiana canal of that name. IFrom its
junction with the old Miami canal in Paulding county, to the outlet at Toledo on the level of lake Tirie, a distance
of 64 miles, there is o total descent of 148 feet, effected through 19 locks. This section of the canal was constructed
60 feet wide at top water-line and 6 feet deep. From Paulding county the canal takes a quite direet southerly
course, and thence to Dayton, 113 miles below the junction, is utilized at frequent intervals for power by flouring-
millg, and occasionally by small woolen factories, saw-mills, and other works, though no details concerning them
are at hand other than those furuished Dy the census enumerators’ returns.

At Dayton counsiderable power is in use on the canal by the Cooper Hydraulic Company. In connection with
Mad river the Dayton Hydraulic Company’s privilege has already been deseribed, and it has been stated that the
water taken by that concern from the river is discharged, after passing through the mills, into the Miami and Trie
canal. From the basin into which it is thus discharged it is withdrawn by the Cooper company and utilized under
a fall of 12 feet around a lock, being then returned to the canal. At o point below, a certain amount is again
withdrawn from the eanal, and after it has been employed for power under a fall of 8 feet is discharged into the
Miami river, The hydraulic company owns a part of the water, acquired by purchase, and also leases {from the
state, at an annnal rental of $1,600, all the surplus running to supply the levels below Dayton. On this privilege
o “run” is defined as 315 cubic feet of water per minute on the “middle?, as it is called, or 12-foot fall, and 400

cubie feet per minute on the “lower” or 8-foot fall. A run at the middle fall was oviginally 300 cubic feet, but, in
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consequence of slight backwater, was increased to 315 cubic feet. The rates for both temporary and permanent
power vary from $150 to $300 per annum per run, but the larger portion is leased at £200 per annum on the
middle and $150 on the lower fall. Water is drawn into the mills throngh fixed apertures, and is utilized Ly 4
flouring- and grist-mills, 2 oil-mills, 2 machine-shops, 2 manufactories of agrieultural implements, 1 cotton factory,
1 establishment for pulverizing stone, and some other works of small size. One of the lessees has the right to all
surplus waters on the privilege, so that the hydraulic company has no more power of which to dispose.

From the basin at Dayton to low water in the Olio river at Cincinnati, a distance of 66 miles, the canal
descends about 300 feet, through 32 locks, Water for fecding the various lovels south of Dayton is introduced at
that city, Miamisburg, and Middletown. The manufacturing along this section is extensive, the paper and flouring
industries being especially prominent. Ior the former of these as now developed, however, the power furnished
from the canal alone is not sufficiently reliable, and the mills are generally fitted with steam-engines for nse when
the water-supply runs shert. Only a few privileges can be noticed in detail:

At Carrollton, 7 or 8 miles below Dayton, George IL Iriend & Son have three mills for the manufacture of
news, book, manila, and express paper, the aggregate production being from 10 to 15 tons per day. They obtain

- a fall of 16 fect, and have two water-wheels, each of abouti 40 horse-power, but generally there is enough water for

only one wheel; thoy operate five stewm-engines, and regard steam as their prineipal motive power, The privilege
at this point is considered td have heen much better formerly, but is said to have dctmlorated through the silting
up ef the canal and the obstruetion of ity channel by grass.

At amilton, P, Carle & Oo, use the sarplus passing around a lock, under a fall of 6 feot, to furnish power for
their flouring-mill, in which are six sets of rollers. Thoy have water-wheels rated at an aggregate of 100 horse-
power, and claim to have sufficient wuter always, except when it is shut off by the state for repairs,

At Lockland, 12 miles by railroad to the north of Oincinnati, water is taken from a 6-mile level in two races
and supplied to milly, which dischargo it into the canal again after use. Log weirs prevent the canallevel from
being drawn more than 6 inches below its ordinary height. When the canal was built it was considered that there
could be spared at this point for hydranlic purposes water sufficient for 124 runs of stones, and this wag divided
into three nearly equal parts and leased. The east race rung to o grist-mill. The west race first supplies two
paper-mills, one of them owned by the Ilaldeman Paper Company, uhder a full of 14 feet. A fall of 10 feet is
then used by the Friend & Fox Paper Company in its printing-paper mill, and from the samo level a little surplus
is drawn for o small gristmill, Half a milo farther down the canal the Flaldeman company has a second mill,
This company manufactures roofing-felt, and various kinds of coarse wrapping-paper, and in addition to rags uses
probably 3,000 tons yearly of straw. Thoe latter material is largely employed throughout the Miami valley in paper-
manufacture, and, being very extensively produced, is cheaply obtained. IFor considerable periods it has Deen
purchased at Tockland at as low as $3 per ton, and it was stated by a prominent manufacturer that the average
price for a series of years throughout this section was probably about $6 per ton. At Lockland the Ialdeman
company uses a 61 horse-power water-wheel, but for about three monihs in winter there is more or less shortage
in tho supply of water, owing to ice in the canal and race, It forms thick enough to diminish the volume of
flow, and this iy still forther lessened by the breaking up of the ice by boats and its formation in gorges. Water is
regarded Ly the company as its principal power in general, but steam is relied upon ab times when the canal supply
is insufficient. Thero was said to Le no trouble in this vicinity from grass growing in the canal,

Of the entive rentals received by the state of Ohio from water-leases, about 838,000, or 70 per cent., is derived
from those on the Miami and Erie canal, and of this sum nearly $15,000 is paid at Cinciunati, More in dotail,
fourteen firms and companies north of Brighton pay at Cincinnati $6,193, and seventeen south of Brighton, $8,516. (a)
The six largest lessces of power, engaged variously in the manufacture of paper, flour, cotton, and oil, pay rentals
ranging from $2,200 down to $1,000, while other lessces pay sums ranging thence down to $2

Ifrom the upper plane of the city of Oineinnati the canal descended formerly to the Ohio by means of10 locks,
with a fall of 111 feet, measured to low water in the river. This terminal portion, though abandoned for navigation,
is nevertheless utilized for power. Much of the way it is covered from view, and in part of its course the water
is divided between two separate channels. Water is used successively from one level to another, and is finally
discharged into the Eggleston Avenue sewer. The power here was mainly leased from 1831 to 1834, and for
periods of 90 years. The leases are considered valuable, the rentals being moderate, and are not allowed to lapse
from any cause. At some of the mills there are said to be weirs of stone to govern the admission of water, but in
general none are in use. There is no regulating weir at the upper fall even, and when the canal beeomes drawn
down too far the mills are shut off, This has sometimes to be done for a few lhours, occasionally for as long as
half a day. In winter more orless trouble is experienced from the clogging of the canal by ice, and, as it is claimed
by the millers, from the withdrawals at points along its course to fill ice-ponds. From the statements made by
several of the Lu‘rrer manufacturers, it is judged that for about two months in the year the supply of water at their
mills is, from various causes, curtailed. - The principal use of power at Cincinnati from the canal is by five flonring-
mills, an elevator, o linseed-oil factory, a cotton-mill, a earriage factory, and an establishment for the manufacture

o Figures as given by Mr. John B, Gregory, chief engineer of the state, in January, 1853,
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of hydranlic machinery. DMessrs. Whetstone & Co. manufacture linseed oil, using for that purpose about 80,000
bushels of seed annually. Gould, Pearce, & Co. run abount 15,000 cotton-spindﬂl‘es, making no cloth, but sundry
goods which might be classed as notions—Iamp-wicks, shoe-strings, and other axticles.

Table of utilized porcer on the Ohio state canals,
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@& In ihis column tho sama fall is, doubtless, in some cases counted more than once, tho census enumerators' rolurns not indieating elearly whether reveral

mills in a township are located all upon one privilege or upon soparate privileges.
4 Dayton, Cooper hydraulic canal (returns incomplete).
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Table of utilized power on the Ohlo state canals—Continued,
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Summary of wtilized power on certain

[Embracing all tributaries on the north above and including the Great Miami

WOOLEN-MILLA, PATER. AND WOOD-LULP MILLE, | FLOUIIKG- AND GRIFT-MILLE,
=] D il . - |
15 & @
P g g fa’ i 154
River. 2 1 By 32 2. =
g . g W, T @ .
X 5§ £3 g % "8
y e BE o i ke £ BE LE
g s 328 & k= =&, & B £ E
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2 | Monmgahels river and tributaries . ... . 12 1 2 2 450 150 107 4,030 1, BB
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4 | Mugkingum viver and tribuntaries ..., 15 248 UL SRR 1 TNV PURURRRRIRN B bt &, 04G 1, 430
6| TLittle Kanawho viver and tributaries ... ) e [ PR veennn [ 2] pLiP] 16
6| Scioteriver and tributaries . 7 140 Hil ] 105 12 £0 2,104 641
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a Comprisng steel works, machino-slops, blnckemith-whops, and works for the manufacture of agricultural implements, axes, cutlery and edge-tools, hurdware;
b Comprising earpenter, wheolwright, and cooper shops, and concerns for ithe manufucture of heohives, carriage amd wagon noterinds g cofling, burfulcuges, and
barrows,

¢ Comprising cotion-mills (2), kuitting-mills, bakerlos, flax-drossing works, marble. and stone-works, potterics, pumping works for water-supply, seouving.

sompounds, butter aud choose,
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river, and all tributaries on the sonth ahiove and ineluding the Little Kanawha river.)
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Sourcos of wator-supply for ofingeees veesersaniviriemananicnen,

Water-powors utilized on, near Now Philadelphia, (‘hillicollm Al
TortEmonth.cciiiiiiiiicneiiiriiniinarnenaaes
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